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1 kilometre = 0.62137 statute miles. 
1 metre = 39.37 inches. 
'1 millimetre = 0.0394 inches. 

Length of Gunter's chain = 66 feet = 20 lints of 3.30 feet 
= 100 links of 7.92 inches. 

Log. of mean radius of earth in yards ^ 6.8427917. 

Are of same length as radius = 5T°.2957795 = 3437'.7467 



In logarithms. 
Arc of 180" = 3.14159265 R. = 0.4971498 + log. R. 
" « l'^ = 0.017453293 R. = 8.2418774 + log. R. 
" « 1' = 0.0002908S82 R. = 6.4637261 + log. R. 
" " 1" = 0.000004848137 R. = 4.6855749 + log. R. 
1 acre = 43560 square feet. 
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INSTRUMENTS. 



CHAPTER I. 

THE INSTRUMENTS. 



1. Topographical surveying is tliat branch of surveying which per- 
tains to the process of ascertaining and representing upon a plane surface 
the contour or figure of any portion of the surface of the earth. 
(Wehster.) 

Plane surveying is surveying as carried on under the supposition 
that the surface of the earth is a plane in distinction from geodesic 
surveying. (Wehster.) 

Geodesy is that branch of applied mathematics which determines 
by means of observations and measurements, the figure and areas o£ 
large portions of the earth's surface, or the general figure and dimen- 
sions of the earth; or that branch of surveying in which the curva- 
ture of the earth is taken into account, as in the survey of states or 
long lines of coast. (Webster). 

2. The instruments for measuring angles which are generally used ia 
the survey of a harbor are, the Theodolite, Sextant, and Plane Table, 
All officers are sufficiently acquainted with the handling of a sextant. 
To use the plane table to advantage requires much more practice and 
experience, in addition to a theoretical knowledge, than to get the 
same result by the Theodolite or Sextant, and consequently a treatise 
upon it will not to be attempted in tliis work. Those desirous of 
obtaining information on the subject are referred to the Coast Survey 
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8 MARINE SUEVETING. 

Eeport of 1865, or to a pamphlet issued from Coast Sui-vey oflioe, 
wliiclt contiiins tlie same matter. 

The Theodohte is the instriiraent chiefly used, and a bi-ief descrip- 
tion of this instrument together with its ailjustments is here given. 

Tlie instruments for measuring distances are the cliain or stee! tape, 
wooden rods or carefully measured lengths of line — and the telemeter. 

Ill con'hictiiLg the hydrograjihic portion of the work, to the above lire 
added the le:id, tide-gnage, audiustruments ior measuring tlie velocity 
of the current. 

THE THEODOLITE. 

3. The Theodolite appears iu a variety of forms ; its purpose is to 
measui'u horizontal, and sometimes, vertical angles. 

It consists essentially of a telescope which has a motion ahout an 
axis (liorizoutal) which rests in Ys in two pillars, F F, which are 
perpendicular to the axis of rotation of the telescope (See Plate 1.) 
These pillars are fixed at right angks to a plate, K, which turns upon 
a vertical axis and to which is attached a vernier. Arennd that just 
mentioned is a second plate, K , The latter is graduated, and is cob- 
ceiitric with the first. 

The instrument is mounted upon a tripod T. Three screws, P, 
with milled heads, which bear upon the plates are used in connection 
with spirit levels, N, upon them, for making them level. A plumb 
bob hangs directly under the centre of the instrument. 

Sometimes a small graduated circle, G, and level with vernier, IT, 
is fixed upon, and at right angles to, the axis of rotation, E, for the 
meaKiiriiig of vertical anglp^. In the common focus of the object and 
the eye glasses is placed the diaphragm, which con tivins the crass-wires j 
usually one vertical and the other horizontal, bisecting each other in 
the optical axis. 

4. DiJiniUnni (See Chauveuet's Astronomy). 

Tlia Axis of Rotation is an imaginary line passing through tho 
centre of the pivots of the axis. 

The Axis of CoUimation is an imaginary line drawn from the 
optiail centre of the oliject glass perpendicular to axis of rotation. 

The Line of Sight is an imaginary line drawn from the optical 
centre of object glass to the (in case there is but one ) vertical thread. 

ITie angle which the line of sight makes with the axis of collima- 
(ion is called the CoUimation error. 
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the theodolite. 9 

The Adjustments of the Tiieodoltti;. 

5. In the measuring of horizontal angles by the Theodolite it is 
re<|uired, 

1. That the Azimuth plates shall be horizontal in all positions 
when turned about their axis ; 

2. That the Line of Sight shall coincide with the Axis of CoUima^ 
tion ; 

3. That the Line of Sight shall move in a vertica! plane, when the 
telescope is tunied about its axis. In order that these conditioua may 
be fulfilled the following adjustments are necessary : 

6. 1st. To cause the Azimuth p!at«s to be horizontal in all positions. 
Turn the vernier piate which carries the levels till one of them is 

parallel to one pair of levelling screws. Bring the bubble of each to 
the middle of its tube by means of the three screws. Then turn the 
plate around slowly 180°, and if the bubbles remain in the middle of 
the tubes, then the plates are horizontal. If the bubbles have moved 
from the centre, then the levels themselves must also be adjusted. 
The error to he adjusted is partially occasioned by the level 
31 ot being perpendicular to the so called vertical axis. Let 
AB represent the plane 
of one of the levels, and 
CD the central line of 
the vertical axis, which 
is shown as making an 
acute angle with the 
plane AB on the right 
side. Fig. I repre- 
sents the bubble of level rig. i. Fig. 2. 
as in the centre of tube. Fig. 2 represents the plates turned 180'^, 
the central line of axis Is supposed to remain uTimoved, and the acute 
angle will now appear on the left side of it, and the bubble will rise 
to the higher end of the tube. The error of the level is half the 
motion of the bubble ; for half the motion was caused by the plaue of 
the level not being perpendicular to the vertical axis, and half by 
the axis itself not being vertical. Tlierefore raise one end of the 
level tube, by means of screws which fasten it to the plate, till the 
bubble moves half way back to the centre of the tube, and then bring 
it entirely back to the centre by means of the levelling scj'ews under 
the azimuth plates. Kow turn the plates again through 180", and 
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10 MARINE SUKTETING. 

should tlie bubble now remain in the centre of the tube, then the level 
is adjusted and the plates horizontal ; because the plane of the plates 
is at right angles to their axis. If the bubble does not remain in 
the centre, this operation must be repeated till it does. The second 
level mav then be adjusted directly by *'/* adjusting screws. It is also 
necessary to see whether the bubldes remain in the centre of tubes 
when the graduated circle is moved around its axis. If they do not, 
the axis of the two plates are not coincident with each other, which 
can only be remedied by the instrument maker. 

7. 2d. The adjustment forinatriiraental parallax. Instrumental paral- 
lax is an apparent movement of the cross-hairs about the object to which 
the line of sight is directed, occasioned by a movement of the eye from 
right to left or the contrary. It is caused by the image of the object 
and the cross-hairs not being precisely in the common focus of the eye 
piece and the object glass. To eliminate this error, move the eye 
piece out or in till the cross-wires are distinctly seen, and then move the 
whole system, by means of the ratchet and pinion (C, Fig, 1, Plate I.) 
which moves the eye tube, V, until the image of the object is most 
distinct. The cross-hairs and image will then be in the common 

8. 3d, To cause the so-called vertical wire of the diaphragm to be at 
right angles to the axis of rotation. 

This may be done at the same time that the coIHmation error is be- 
ing corrected. Point the telescope to some well-defined object, and 
bisect it with the vertical wire. Give the telescope a slight motion 
about its axis of rotation, and if the vertical wire continues to bisect 
the object it is at right angles to axis of rotation. If it does not, loosen 
the screws, D, which secure the diaphragm and turn it till the wire 
bisects the object throughout its entire length. If the axis of rota- 
tion is horizontal, this wire will then be vertical. 

9. 4th. To cause the line of sight and the axis of collimation to 
coincide. 

If the axis of rotation of the telescope can be taken out of its supports 
and turned end for end, then the collimation error can be determined in 
the following manner. Set the instrument up, and having made each 
of the before mentioned adjustments, place the zeros of z muth pla es 
ill coincidence, and direct the line of sight to some w 11 d fined a d 
distant object. Then take the telescope out of the ^ and e e 
the axis. If the line of sight falls precisely npon the ame obj t 
then there is no collimation error. If it should not fall upon the obje t 
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after reversal, turn the line of sight upon it by means of the tangent 
screw of the upper plate, L (keeping the lower pkte fixed), and note the 
reading. The difference of the rejidings of the two directions of the 
telescope will be double the colliraation error, as will be seen from the 
aanexed figures. Let y, y' represent tlie axis of the telescope in 
first position, and let the point of sight fall upon the point s, and the 
axis of collimation upon c. Let the axis of the telescope be reversed 
and talte position y,' y^. The line of sight will fall upon s', as much 



to the right of c as it was before to the left. Consequently the colli- 
mation error is equal to one half the difference of direction of the lines 
OS and o' s', which is one half the difference of the readings already 
noted. If after reversal, the vertical wire in the diaphragm be moved 
by the screws D till the line of sight falls midway between its first and 
seconcl positions, then will the line of sight and the axis of collimation 
coincide. Probably the distance throngh which the diaphragm is to 
be moved will not be accurately estimated, so that the operation must 
be repeated till the collimation error is reduced to an inappreciable 
quantity. 

The axis of rotation of the telescope in many theodolites is not 
capable of being reversed ; we must then proceed in the following 
manner to eliminate the collimation error. See following figure. 

Set the theodolite up in the middle of a level piece of ground, and 
make the foregoing adjustments. Place a small but well-defined 
mark (at B) at a distance. as large as possible from the instrument 
(at A). Turn the telescope toward it a 
the cross-wires and mark (B) by n 
the plates firmly. 

Transit the telescope (that is turn it 
points in the opposite dii-ection, the o 
and place another mark at the same distance from the instrument a 
(<?), and in the line of sight. It the line of sight and axis of collima- 
tion do not coincide, this second mark will be placed at C, and not at 
E, in the prolongation of A B. To ascertain whether B and C are in 
line, unclamp the instrument, and without touching the telescope, turu 
the vernier plate around tiU B comes into its field. Perfect the 



t and perfect the intersection of 
I of the tangent screw, clamp 



t about its axis of rotation till it 
i of rotation remaining fixed) 
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MARINE SURTETING. 



intersection of the cross-wires and B, and clamp the plate firmly. 
Then transit the telescope, and the line of eight will (if C A X is the 
collimation error) fall upon some point D, as much to the right of E 
aa C was to the left of it. 

The figure will show the position of the line of sight in reference 
to the axis of collimation, when the telescope is in the four positions 
mentioned. Let y y" represent the asis of rotation: XX the axis 
of collimation of telescope In 1st and "2d positions, ^Z j/' X'X' the 




same in 3d & 4th positions. Iii this case 10" has been taken as the 
collimation error, and it will he seen that when the line of sight 
(represented by arrow-headed lines) has been directed to B, and the 
telescope has been transited, it will fall upon C, 20° to the left of AE, 
the prolongation of AB. Now when the vernier plate is turned 
BO that the line of sight falls upon B, the axis of rotation will assume 
the position y{ y" and the axis of collimation that of X' X'. Now 
when the telescope is again transited the line of sight falls upon D 
20° to the right of E. By looking at the figure it will he seen that 
the line of sight makes an angle of 80° and 100° with the asis, that 
of 80° being made on side of axis marked y or y/, that of 100" on 
side marked y" or y" ; and that although the axis cannot be taken 
out of the Ys and reversed, yet in reality the telescope has been 
directed to the same object B with the axis pointing in opposite 
directions, and consequently the collimation error is shown just as ex- 
actly as when the axis was reversible, excepting that in this case the 
angle C A D is four times the error. To eliminate the collimation 
error, move the telescope through three quarters of the arc, or D X, 
and then move the diaphragm till the vertical wire falls upon C. The 
collimation error will, if the telescope and diaphragm have been prop- 
erly moved, be zero. The arc C D will be obtained by taking the 
difference of readings of the circle when the line of sight falls upon 
C and D respectively, the circle having remained fixed. 
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THE THEODOLITE. 13 

10. 5. To cause the line of sight to move in a vertical plane. 

Suspend a long plumb line from somti high point. Set the instru- 
ment up near this line, and level it carefully. Direct the telescope to 
the plumb line, and i£ the intersection of the cross-haira remains ujwn 
the line throughout its entire length, then the line of sight moves in a 
vertical plane. Or, the instrument liaving been levelled, place a basin 
of mercury between the instrument and some fixed object of consider- 
able altitude, such as the top of a flag-staff or tower ; turn the teles- 
cope down to bring the reflection upon the intersection of the cross- 
wires, ttienmove the telescope, an A if, when directed toward the object 
itself, the cross-wires coincide directly with the object, the line of sight 
has moved in a vertical plane. 

If, however, the above conditions are not fulfilled, then the axis of 
rotation is not horizontal ; or in other words, the pillars whicli sup- 
port the asis are not of equal length, measuring from the plane of the 
plates. For the line of sight has been made to coincide with the axis 
of collimation, and were the axis of rotation horizontal it would neces- 
sarily describe a vertical circle. With those theodolites on which there 
is any arrangement for moving the supports of the axis of rotation 
(see Fig. 1, Plate I.), the adjustment maybe made by moving the level- 
ling screws in connection with the striding level, which is placed upon 
the axis. But in the ordinary form of theodolite there is no such 
arrangement ; so that if the error of level of the axis of rotation 
(while the plane of the plates is horizontal) is great, the instrument 
should be sent to an instrument malcer ; hut if the error is but slight 
the bearing of the support of the higher end of the axis may be care- 
fully filed down. This error will rarely be but small in any but an 
old instrument. 

The theodolite furnished by the Bureau of Navigation (Plate II.) 
differs from the one already described in the following respects : It 
has but one moveable azimuth plate (the upper). It has no vertical 
circle. It is levelled by means of four levelling screws acting on a 
ball in a socket joint. 

As it has but one moveable azimuth plate, angles cannot be repeated, 
nor can a line be run by the back angle. It is a very convenient 
instrument for the purposes of an ordinary survey, and is furnished 
with a telescope of considerable pow.ir. 
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CHAPTER 11. 

BASES. 

SELECTION OP BASES— DIRECT MEASUREMENT OP- 
INCLINED BASE TO HomzoNTAr. measdre — broken bases — 

MEASUREMENT OF, BY SOUND — Br MAST-HEAD ANGLES — DETER- 
MINATION OP AZIMUTH Of BASE— FIXING THE LATITUDE AND 
LONGITUDE OF A BASE STATION, 

MEASUREMENT OF THE BASE-LINE. 

11. Before any distance can be measured trigoiiometrically the length 
of one straight lioe of the triangulation must be mechanically measured. 
And as this measurement is more or less exact, so will all other 
measurements deduced from it be more or less accurately determined. 

If an error in the length of the base be represented hy db ; thea d a 

sin B si 

errors in the other two sides). If B =■ 30°, since sin 30° = A; rf a 
or dc may equal 2db. Therefore the error of the sides may be double 
that of the base, even where the triangles are not ill-conditioned. 

Measuring the base line for an extended and very accurate survey 
is effected by metallic rods, accui'ately graduated, which are carefully 
levelled, and the several distances are determined by means of microme- 
ters ; but for the purpose of an ordinary survey the base-line may bo 
sufficiently well measured by means of a 100 feet steel tape in the 
following manner : 

12. Before commencing the measurement the tape should be care- 
fully compared with a standard measure, and the error noted, and the 
ground over which the line b to pass should be made even. Too 
much care and attention cannot be paid to this. 

Set a theodolite up over one extremity of the base, so that the 
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BASE LINES. 15 

plumb is directly over the centre of the stiition, and after having 
levelled the instrument, point the teIesco|te towaivj the other extremity 
of the base line, at which should be placed a signal. 

Have a number of poles, or boarding pikes, with flags secured to 
one end, which are to be placed vertically in the line, at intervals of 
about 100 or 200 feet, by the observer at the theodolite, who, by 
motion of his hand to the right or left, or by some other preconcerted 
signal, causes the flagmen to move uDtil the flag poles are bisected 
by the cross-wires of the instrument. 

The measuring party consists of two men who carry the tape and 
of two others who carry small pieces of plank, or benches, upoa which 
the ends of the tape are marked. A good form of bench is a plank 
about one foot square, with four short, pointed legs, which may he 
firmly planted in the ground by the pressure of the foot after the 
measure has been approximately adjustod both for distance and direc- 
tion. One end of the tape is held directly over the centre of the 
station from which the measurement begins, and the other, being 
c;irried forwards, is brought into the line of the flags by the man 
holding the rear end of the tape. A spring balance is hooked into 
the forward end of the tape and a pressure of 8 or 10 pounds is 
brought upon it, drawing the tape taut along the line. One of the 
men with the benches places his bench flush with the ground, 
under the tape near its end, and making a mark opposite the 100 foot 
mark of the tape, which is numbered 1, he holds the bench securely in 
its place. The tape carriers now move ahead ; the carrier to the rear 
places his end of the tape on the mark on the bench indicating the 
point which the forward end of the tape before reached ; the forward 
carrier moves into the line of the flags, draws the tape taut and in 
the line, applies the satne pressure, by spring balance, as before ; a 
second man with bench places it under the tape, marking the point 
where the 100 foot mark falls No. 2. The tape is again carried for- 
ward, aligned, aud the distance marked as before. As the measuring 
party passes each flag, the flag bearer will pass on beyond the 
last flag and will be align,^ in his new position by observer at 
tlieodolite. 

This process is continued until the other extremity of base line is 
reached, noting the number of feet and tenths of a foot between the 
last point marked by the tape and the centre of station to be reached. 
Theu the length of tape ± error of tape (as determined by comparison 
with standard befjre and after measurement) multiplied by number of 
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16 MARINE SURVEYING. 

lengtlis of tape + the distance between point last reached by a whole 
length of the tape and the extremity of the base line equals length of 

13. Not being able to obtain a steel tape, take a piece of iron wire, 
about ^ inch iu diameter, about 60 yards (or any desired number) in 
length. This distance is carefully measured off by standard measures, 
and both extremities are marked on the heads of copper nails driven 
in a plank, level with ground. The wire, which has been straightened, 
and otherwise prepared md al&o provided with a loop at either end, 
is then stretched between two mirkf. by a i,him «taff at the rear end 
and a weight of 40 pounds applied to the other bj i spnng balance 
In this condition, ano after repeated trials, the measured distince is 
transferred to, and marked upon the wire hj a fine cut neir each 
loop. This having been completed, proceed in the same manner as 
explained when the steel tape was u^-ed 

To show the aciur'iii of the above metliods reference m-ij be had 
to Coast Survey Eeport 1SC8, in which is stited that a base hue w\s 
measured, using wne J mi.h in diimt,tLr and 10 meties in Itngth, 
with following results : 

Length of wire = 60-01646. 
By Wire measurement, A to B = 82 wires X 60-01646 = 4921-3405. 
" Base Apparatus, A to B = = 492M843. 

" Wire, B to C = = 426M685. 

" Base Apparatus, B to C = =4261-3225. 

14, To reduce the length of an inclined base to horizontal measure. 
When the inclination of the base is considerable, or it is measured 
by chain or tape, which cannot be placed horizontally, it is necessary 
to reduce the base to its horizontal length. 
Let B ^ length of base on an inclined plane, 

6 = " " rednced to horizontal plane. 

^ inclination of base to horizon. 

Tl.en 6 = B cos 9 (1) 

But as f is generally a small angle, and need not be known with 
extreme precision, it is better to compute the excess of B over b. 
Supposing (^ to be given in minutes, we have from 
(1) B-5 = B-B cos y = B (1 — cos W) = 2 B sin'^ ^ 9 
= \Be-' sin* 1' 
= ^^ — 6= B = 0.00000004231 ff^ B, or by logarithms. 
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THE BEOKEN BASE. 17 

Loff, (B-i) = const. log. 2-626422 + 2 log. ^ + log. B, (2) 
wliich gives correction to be Siibtractod from B to get b. 
The Broken Base. 
15, The cliaracter of the ground wiil sometimes not allow a base 
of suitable length to be measureci directly, but will permit of measur- 
ing two parts, making a very obtuse angle with each other, constitu- 
titig what is known as a " Broken Base." It is necessary to measure 
the two portions a and b, and 
the included angle C with 
great care ; we can then com- 
pute the biii>e by expression '^ 
here deduced : 

From Trig, c" = «= 4- S" ~ 2 « J cos C (1) 

Let e = 180-C. 

Then c= = «=+ J* + 2 « J cos e (2) 

From plane Trig. (406) (developing cos x into a series) 

cos a; = 1 - + &c., 

1.2 1.2.3.4 ' 

substituting 8 for x, aniJ since is very small, 

Cos 6* = 1 - -- This will be sufficiently correct if C is not 

less than 170°. 

c' = a' + &= + 2 a J - « 5 e= = (« + 6)' - « 5 *^^ = (3) 

c = (a + b)(l-- 



Developing the quantity under the radical to ^ power, by the bynomial 
theorem, and neglecting the terms aft«^r the second, it becomes 

a he'' 

substituting for H minutes, 9 sin 1' we have 
abb'' sin^ 1' 

sill' 1' 

— ;— = 0-00000004231 



= a + b- 0-00000004231 X 

log. 0-00000004231 = 2-62G4222. 
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Example taken from C. S. R. 1868. 



a = 411o7.iiail«2 I 

b = 4;i07.5870<jy ) 

U + 6 = iGl)5.5182til 



= 177''37'59".82 

= ]42'.C03 2 log. 

= 4a57"93116 ' 
■-T7.6H71 . 



a + h = y265.5183 + ar- c 
1.%T247 
S.5ol014 = length of base. 



TO FIND A PORTION, 



16. In the survey of a Iiarbor it frequently 




beach, or other suitable place for measuring a base, may h 
sected by a stream too wide and deep, or a ravine too steep, for con- 
■veniont measurement by rods or cliains, &c. In this case it is re- 
quired to find that portion x = BD, knowing the other two portions 
of the liase by actual measurement, AB^a, DE=i, and also the 
angle ACB=«, ACD=,9, ACE=;-. Then CBD=A+«; CDE^^A 
+,9CEF=A+r- 

BC sin A DC sin A 

From triangle ABC, — = • d ADC, —7- = "":~r 

Dividing one by the other, we have 



DC 

From d BEC 



A DCE, — - = 



BC 


sill 


),ir 


(A + 


r) 


DC 


(A 


(r - 

+ !■) 


-) 
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19 




BC mi(r-fi)(b 4 ^) 
■■DC sin{r-u) .h 


(2) 


COfflbin 


ing(l) and (2), wo have 






« sin ,i {h + a:) sin (r - fi) 


(3) 




(a + X) .in a h u. (j - .) 


clearini 


% of fractions 





.in ,?. J sin (,.-.)_ (o + x)(S + »;) lin . .in ( r - ,!) (4) 



.in„Kn(|-^,S) 

To solve tlii. equation of 2d degree witli reference to x, mai;e 

!„,' , _ *"'>»<' 1 ■■» (r - ») whiel, „b.titnled 

in (5) gives 

J (o - J)' X tan' ,, - o S _»• + («+ J) I, (6) 

Completing tlie square of 2d member, 

i (o - J)- X tan- c - « S + H (o + S)]'- (') 

»■ + (o + S) « + [i (o + i)]', and 

Vi(o-S)"tan"y-oS + i (• + ')" - » + i (« + ») 



K" + s ± Vh« - »)'"i«"' ? - • » + i (« t ')' (<*) 



--i(« + S)± Vj(«-i)nanV * i(a-i)' 
- - i (» + i) ± i (•-J)VT»n-i. + 1 

but V tan^ ff + 1 = see. a = 

^ 1^ eo. y 

Then base line = a + a; + & 

This Example is taken from C. S. Kepobt, 1868. 

Let AB represent a section of the regularly measured base, about 
equal to tbe distance to be crossed, with its eods carefully marked. 
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Recommence the measurement on the other side of creek or bog, and 
mark off a similar distance ED, all in the line of the hase. Set up and 
ailjust the theodolite on firm ground at C and in sight of the stubs at 
A, B, E, and D, At the intersection of the cross-lines on the tacks 
at these four points, or in line to C, insert a short wire, or naii, or t »e 
smallest ohject distinctly visihle from C, Then measure the angles 
ACB, ACD, and ACE, and for verification, the angle BCE. 

Crossing op Rddie Creek. 

Let AB = a = 90™.0242 = distance corrected for inclination and 



DE — S = 120"'.03I6 = distance corrected for inclinatii 
temperature. 
BD ^ X ^ the unmeasured distance. 
ACB = a .=. 19= 41' 44".56 = mean of observations. 
ACD = ;? = 49° 03' 29".77 = mean of observations. 
ACE = ^ = 75° 22' 02".66 = mean of observations. 
BCE ^ Y-a = 55° W 14".50 = mean of observations 






n-(r-,*) 



— a =55° 40' 16".25 I. s 
li - 40° 02' 29". 8 (. s 

— fi =36" 1*33". 8;. c 
a = 19° 41' 44". G /. c 

log (I = 90™.0242 
log J = 13tM".0316 
log 4 . . . 

>. log (a-bf 



= 85° 57'29".7 ^ 
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MEASUREMENT OF BASE BY SOUND. 21 

For veriti cation, change the position of C, and from the new point 
observe the same angles, ancl from them recomjiute x. In the aliove 
case tlie difEerent values x, are found to coincide. 

Measobemicnt op Base by Sound. 

17. Sometimes circurastatices will not admit of the direct measiire- 
ment of the hate, when it may he approximately determined by 
means of the velocity of sound. This method is applicable in the 
survey of an extensive shoal or reef, which offers no points above 
water for observation, or upon which to land. 

The observers, at either end of the base, are provided with howit- 
zers or other guns, thermometers, and watches. Having been pre- 
viously warned, tbe obser\er at the opposite extremity of the base 
from which the gnn is fired, notes the time elapsed from the instant of 
seeing the flash and thai of hearing the first sound of the repoit. The 
guns are fired alternately from the two extremities at least three times. 
The means of these observations gives the time which it has taken the 
sound to pass over tbe distance, which may be calculated Iny the fol- 
lowing formula : 

Tj V V T V = velocity of sound calculated as below. 

~ T = mean of times noted. 

V = 108'J.4Vl + (t=~ 32°) X 0.00208 

in which t" is the height of the tiiermometer ; 1089.42 heingthe velo- 
city of sound in feet at 32° Fahrenheit. 

The velocity of sound through the air is independent of the bar- 
ometric pre&sure, and experiments show it to he sensibly unaffected by 
its hygrometrical state ; by tbe original direction of the sound, 
whether, for instance, the muzzle of a gun is turned one way or the 
other, or by the nature and position of the gi»uiid over which the 
sonnd is conveyed. It is affected by tbe wind ; but in ordinary cases, 
likely to be selected for experiment, its influence would be almost 
inappreciable. (Lee's Tables and Formulae, 1873, Corps of Engi- 
neers, U. S. A.) 

Deterjknation op Lescith of Base Br Mast-IIead 



It frequently may occur that no siiitable tract of land can be 
found for the accurate measurement of a base ; and freq^uently, when 
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TEXT BOOK. 



taking into consideration tlie liegree of accuracy to be <lesii-ed, that an 
approximate value for tlie length of a base may be considered all that 
is necessary. Such an approximation may be determined from the 
measurement of mast-head angles, the perpendicular height of the 
mast being carefully taken from the draft of the ship. As the height 
of the observers will be 
somewhat raised above the ■* 
level of the water it ap- 
pears from the figure that 
the triangle A B C is not 
a right triangle and it would 
seem that it would be ne- 
cessary to find some ottie"^ 
expression for the determi" B 
nation of the distance x 
AB 




than tan # = 



BC 



L which ] 



i taken equal to a' = A B cot ff. 



Batby investigation, as will be shown in the next Art., it will be found 
that the difference between BC and x will, under most circum- 
stances, be inappreciable. 

But this distance x is the distance between the ship's mast and the 
observer in the boat or ashore, and as the ship is liable to swing and 
thus change her position, it is desirable to find from tlie distance thus 
determined the distance between some two objects on the shore. 

It may be done in this way. Choose two points A B in sight from 
each other, and situated so that the line A B will make a convenient 
base line, from which to carry on the triangulation. 8end an observer 
to each station. Then at a pre- 
concerted signal (while the ship 
is stationary) let the observer at 
A measure the mast-head angle 
and the angle CAB; the ob- 
server at B the angle ABC; 
and at C (the foot of mast angled 
upon) measure the angle A C B. 
From the mast-head angle com- 
pute the distance x, taking into 
consideration the height of tlie 
observer at A, if he be consider- 
ably elevated. Then from the 
triangle ABC compute the distance A B. Of course the third observer 
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MAST-HEAD ANGLES. 

at C is not absolutely necessary, but his ang 
upon the other two. 

19, To show that a 
slight elevation of the eye 
above the water when 
measuring mast-head an- 
gles need not be considered | 
in computing the distance. 
The angle BDA = BCA : 
therefoi-e when we use 
formula 

a:= ABcot. BOA, 
we determine AD instead 
of AC — AP. 

If DC is a small arc, less 
than 1°, we may consider 
it straight ; then the tri- 
angle DCP is similar to ABD. 
dicular to each other. 




•. DP : PC = AB -. AD or DP : 



PC> 



mtually perpen- 



C II 



AD "^ AD 

If the diameter of the eircle ABCD is 3,000 feet, then 1" = 26.18 
feet, or ^' =26. + feet. So that were the eye elevated 20 ft. and 
the ship's mast, or H, 180 foet high, DP, or the error in the com- 
puted distance, would only be 1.2 feet. With the diameter of the 
circle 700 feet, the length of 1° = 6.1 feet, so that at this distance 
an elevation of the eye of 6 feet, with the mast 180 ft. high, would 
only make an error l.o ft. in the computed distance. From which we 
see that when the product of H and k' equals the distance, the error 
is hilt one unit of Measure, provided the arc CD does not exceed 1°, 
which will be ensured when CAD <^°. 

Should the height of the observer, or h', be so great that the arc 
CD is larger than 1°, the more rigorous formula taken from Jeffers' 
Surveying (page 99) may be used. Observing the same notation. 






H-A' 



tan =tan (a+f) 
Trig. (123) tan & = tan (« + ?) = 



(1) 
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~//yi-/0 



xland- h' tail a tan B = 11 

x= U h' tan a i 

tun ^ 

To fltnl A' tan fi take the approximate value. 

a^ = substituting this in tan a = 

tan fi X 

we bavo // tan a =''- -^-IZ--) which substituted in (3) 



H A' (H-A') (4) 



Under ordinary circumstances, as has been before shown, 
second term will be too small to be considered. 



20. In order that the different points of the trianguKtion ahdl, 
when projected upon the chart, have the same relative po>:itions upon 
it as they have upon the Pirth a aurfiize, it is necessary to determme 
the true or astionomical benny of one of the sides of the tiiaugula 
tion. It is usually most convenient to detetmme that of the base 

When a theodolite is avail ible the follow mg method m<i\ be used 
Place the theodolite it one evtremilv of the btse directU ovei the 
centre of the station and mike the necessirj adjustments Place the 
zeros in coincidence , uncUmp thr- lower plate and bisert the signal 
at other extremity of base by the irosswnes of telescope Clamp 
lower plate firmlj Unulamp upper plate and turn the telescope so 
as to bring the sun (or other heavenly body) into its beld Have an 
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25 



assistant at liand to mark the time by chronometer, whose error is 
accurately known (or walch which has already been compared with 
chronometer.) Cl»m]> the upper plal« and, by means of its tangent 
Bcrew and the tangent screw of the vertical circle, canse the vertical 
wire in telescope to become tangent to the sun's disc. Note the 
time, and read the angle. Repeat this operation several times in 
quick succession. Then the mean of the angles wi!l correspond to the 
mean of ihe times, provided the time elapsed between the iirst and 
last lime is not too great for the supposition that the chancre of 
azimuth is proportional to the change of time. By means of fonnulae 
given here.ifter compute the azimuth of the sun. Then the angle 
measured by theodolite (to which must be added or subtracted a 
correction for the sun's semi -diameter) plus or minus the true azi- 
muth of the sun will be the azimuth or astronomical bearing of the 
base line. If the suu is to left of base and is east of meridian the angle 
between the sun and base must be aihled to the sun's azimuth to get 
true bearing of base. If sun is to the west of meridian in the above 
case, the angle must be subtracted. All this refers to X. Latitude. The 
observation should be made when the heavenly body is near the 
prime vertical, provided it has not too great an altitude at that 

In this method the local time must he accurately known by 
chronometers, or if these 
are regulated to Green- 
wich time, the Longitude 
must liave been accurately 
determined, 

21. In fig. L = I^t, 
usually regarded as posi- 
tive, d 'w. decliuation of 
body ; positive or nega- 






) of I 



opposite name to Latilude, 
( = Hour angle of the 
body. <f' ^ ail auxiliary, 
the declination of the foot 
of the perpendicular let 
fall from the body upon 
the meridian. A = body's 
true alt 
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From trigonometry tan <f' •= tan d sec ( 
sin y - L) cot ( 



sinA=. 



(See Coffin's Prob. 38.) 



s(/-L)sii,,f 



Should tlie local time not be well determined, it will be necessary 
to measure the altitude of the heavenly body at the same time that 
its horizontal angular distance from the base line is measured, either 
by the vertical circle of the theodolite, or by a second observer with 
sextant and artificial horizon. Then the body's azimuth will be 
found by either of the formulte. 



Vcos s" cos (*'-/>) sec L sec A 
-i(L4-^+i'), or 



aJZ™ V^ 



' sin (/' - a) sec L sec A 
L + rf + A)' 



(See Coffin's Prob. 40.) 



ni-diameter when 



angle is measured by 



The correction for sun' 
theodolite is S'= 

!2, Should a Theodolite not be available the sextant may be used. 
It will be at once seen that the 
angular distance thus measured 
is in the plane passing through 
the two objects, whereas when 
the theodolite was used the dis- 
tance was measured iu a hori- 
zontal pLine. When the sextant 
has been used it becomes neces- 
sary to reduce the measured 
distance to a horizontal plane, 
or in other words to find the arc 
of the horizon interceptod be- 
tween the vertical circles paw- 
ing through the signal and heav- 
enly body ; that is, the difference 
of their azimuths. This may be 
(See Coffin, Prob. 62.) 




done by the following formula. 
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L (D 4- H ' - h') sin \ (D - H' + h") \\ 



... (^ 



sJC 



let d=\V - If 

COS H'coi K } 

». j (U' + y + D) C O. i ( H' + <' - D )\ I 
cos H' cos y 1 

lot S — i (H' + «' + D) 

/cosSoo. (S-DAI 
■■"■i = - (^Sni'-l^ j (5) 

M = body. = TerrestriaJ object. H' = app. alL of body, h' = app. alt at 
terrestrial object. D = ansiilar dietance between two, corrected for mdei correction 
and semi-diametor f = diff. of aijinuth between object and body. 

If the object is in true horizon (or its alt. = Dip + Rof) then 
cos C = cos D Bee H'. 

Should the sun'a limb (when angular distance is measured by a 
sextant) be brought tangent to a vertical edge of a terrestrial object 
(as the signal o£ a station), the correction for semi-diameter then 
becomes s'=^ * sin MOZ. 

MOZ, the angle between the vertical, circle passing through terres- 
trial object and the plane passing through this object and the sun, 

may be found by cos MOZ '= g],^ j j^ 

Ty being measured distance corrected for index correction. It ia 
much better, however, to measure the least distance to a point of the 
terrestrial object, and to this distance apply the whole semi-diameter 
and index correction, being careful that the altitude of the same point 
ia observed. Making the sun's limb tangent to the vertical line is a 
difficult operation. 

Then azimuth of terrestrial object (or base line) equals azimntli o£ 
heavenly body i C. 

23. For the purpose of referring azimuths, observed at night, to 
the direction of any geodetic signal, a mark is set up, consisting of a 
perforated box (about J foot cube) through the front face of which 
the light of a bull's eye lantern is shown, appearing about the size and 
brilliancy of the star observed. The distance of this mark from tho 
station is generally determined by local circumstancea ; but should, if 
posaible, not be nearer than a mile. 
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If it is desired to obtain th m h ii P 

Bervations, a vertical black str p d w d p d d 

above and below the centre o h p m w h 

this is a quarter of an inch in w d w d 

one mile 0."8. 

24. Having thnsdetermine h m h d h 

set u]) a mark which will show h d ec m di pa. g 

through the spot at which th in ed 

aarv to turn the telescope (po ted b h 

been determined) through an q n h 

opposite direction to that in wh h U m w 

If now a stake be set up i h h 

as shown by the cross-wires ohm d « 

from this object to the cen 11 

meridian line. 

DtTEKMINlNG THE MERIDIAN LINU BY SHAl^OWS. 

25. A good approximation maybe made as follows : Plant a stake 
upon a level piece of ground, and give it a vertical position by means of 
a plumb line. Describe one oi more circles on the ground from the 
foot of the stake as a centie At the two mstaits be fori, and tfter 
noon, when the shadow of the fitake extends to the s^me circle the 
azimuth of the shadow eaKt and ne&t are equal The pointe ot the 
circle at which the shadow teimmatea at (hfse instants being marked, 
let the included arc be bisected the point of intersection and the 
centre of the stake then determine the meridian line Theoreticalli , 
a small correction should be made for the sun s change of dcclmition, 
but it would be quite superfluous in this metho 1. (Chauvenet s 
Astronomy. Vol. I.) 

26. As this text is to be used by those who, in course of instruction 
in navigation, have already leai'ned the various methods of rating chron- 
ometers, and of determining the Latitude and Longitude, the formulfe 
and general discussions will not be touched upon here. They may be 
found in Coffin's Navigation, or still more elaborated in Chauvenet's 
Astronomy. 

In order that the different points of the triangulation may be 
determined in Latitude and Longitude, it is necessary to fix accurately 
the Latitude and Longitude of one of the principal stations ; then 
by computation the Latitude and Longitude of the stations may be 
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LATITUDE AND LONGITUDE. 

in f h w kl be 1 d 

lyfmhh Th Ehhhp 

fi edby b 11 £ 1 b 

ThL dhllw! p Ibefidb 
h hip dIL dd tdbyn 

tr d 1 m Th ru be 

a I bl h 1 I h d 

ThL dmjbdmdlb £1 

fid h Imd by Ira dl 

1 S h m g 1 d f f h 

bl 1 d ff wl h 

pp hdm £1L dbyhmSd 

bffm d h fh Imy 

tbe method of circuin-mendian altitudes of fixed stars it ie best to choose 
those which cross at oeavly the same time, and at nearly ec[ual zenith 
distances, but on opposite sides of the zenith. 

The Longitude must be determined by the ordinary chronometer 
sights. 



>y Google 



CHAPTER in. 

TRIANGULATION. 

the selection of stations signals — heasdrement op hori- 
zontal angles — repeating angles — form of angle book 
— Reduction to the centre of station — Reduction of sext- 
ant ANGLES TO THE horizontal PLANE — SPHERICAL EXCESS 
THIIEE ORDERS OF TRIANGULATION. 

SELECTION OF STATIONS. 

27. Ill the selection o£ principal stations the iollo wing points should 
be kept in mind : 

1. The number of stations will depend upon the amount of detail 
to be shown upon the chart — stations should be placed upon all im- 
portant topographic and hydrographic points. 

2. They should be chosen so that the angles of the triangle may 
be as neariy equal as possible ; no angle to be less than 30", 

3. The length of side should not exceed the power of the telescope 
of instrument. 

i. At the end of the triangulation the station should be chosen so 
that a verification base may be measured. 

It frequently happens that the only base line that can be taken lies 
in such a direction as to give poor triangles for the determination of 
other important stations. When this is the case it is necessary to 
choose some station which can be accurately fised from the base line, 
and then use the computed sides of this triangle as the base in the 
computations neccessary to determine the position of those points 
which could not be determined by triangles formed upon the original 
base. 
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NAMES OF STATIONS. 



The station should be called after the popular designation of the 
site on which it is situated, or after some peculiarity of the ground or 
formation well known in the neighborhood. The same name should 
not occur twice in the same section of the country. Or the stations 
may be numbered or distinguished by the letter of the alphabet. 
(Coast Survey Report.) 



28, As it rarely occurs tliat n'ltur'il object" are suitable or properly 
placed. to indicate the angular pomts of the triangulation, and as such 
objecta as light-houses, tower's &.r on the centre of which the instru- 
ments cannot be placed (thus rendering certain reductions neccessary), 
are inconvenient for use, it generally becomes necessary to erect signals 
at these points. The signal should always be so arranged that the theod- 
olite may be placed directly over or under the center of the station, 
and the signal pole, if removed, exactly replaced. It is also necessary 
that the height of signal be sufficient to overcome the difference of 
level due to curvature. 

The signal ordinarily consists of a pole from 10 to 25 feet in length 
placed vertically and surmounted by a flag, and steadied by braces. 
(For a variety of signals, see Coast Survey Reports or Jeffer's .Survey- 
ing, pages 24, 25.) In regard to the diameter of the pole to be used, it 
is evident that, in short lines, it should not exceed the size just sufficient 
to admit of its being distinctly seen, as all increase of size is a source 
of error. With sides not exceeding 5 miles, pole not to exceed two 
to five inches in diameter; with sides upward of 5 miles, from 5 to 8 
inches (Coast Survey Report). In the erection of any kind of signal 
too much care cannot be used in centering the mark to be observed 
exactly over the center of the station. 

29. In the primary triangulation, in which the length ot the sides is 
very considerable, it is recommended in the Coast Survey Reports that 
the line of sight of the telescope should never be allowed to pass 
within less than 6 feet from the ground. 

In order to determine the required height of signal of any given 
length of line, allowance being made for terrestrial refraction, and 
curvature, the tables on page 54 may be referred to. 
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As an illustration of the use of this table, let us suppose that a line, 
A to B, was 18 milea in length over a level plain, and that the instru- 
ment could be elevated at either station, by means of a portable tiipod, 
to a height of 20, or 30, or 50 feet. If we determine upon 3G.3 feet at A, 
the tangent would strike the curve at the distance represented by that 
height in the table, viz., 8 miles, leaving the curvative (decreased by 
the ordinary refraction) of 10 miles to be overcome. Opposite to 10 
miles we find 56.7 feet, and a signal at that height erected at B 
would, under favorable refraction, be just visible from the top of the 
tripod at A, or be on the same apparent level. If we now add 8 feet 
to tripod and 8 feet to signal pole, the visual ray would certainly pass 
6 feet above the tangent point, and 20 feet of the pole would be visi- 
ble from A. Other variations may be made to suit the ciroumstancea, 
as it rarely happens that in lines across water or level land there are 
not some slight elevations wliich could be made available as stations. 

CONSTRUCTION OF SIGNALS. 

The following instructions ia case of large triangles is taken from 
Coast Survey Report. 18C8. 

In no case should the foot of the pole he inserted in or be allowed 
to c m ' n( t ith the earthenware cone, or other article buried 
as an u d ud mark. Six or eight inches of earth carefully 

pack d b e th one or block, and upon this a square foot or so of 
boa I pi n wh h the pole can rest, will he sufficient to afford a foot- 
hold ) n h necessary, and, at the same time, to prevent any 
displ n nt of o njury to the mark, in case the poie should be 
rou hly 1 audi d blown down. 

Tl e t p d a d cafEold, which are frequently erected f h 1 
tion of the m nt and observer, in order to obt^n a 1 1 h 

of line or to escape the troubled condition of the atmospl a lly 

lying immediately over the low, flat lands bordering h co d 

shores, vary in height from 10 to 60 feet, and are mad f I g 

purchased for tlie purpose, or of materials obtained from h f 
and are built in general accordance with the plans and p 
given in the annual reports. While a strict adherence £ rm y 

in the details of the construction is not possible, so mi h d p d 
upon the means and facilities at the disposal of the d 

upon a proper regard to economy, the general prin^pl f h 
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33 



and solidity, in both tripod and scaffold, are strictly obsen-ed, by a 
proper spread and anchoring of the feet, a thorough bracing of the 
legs, and a compact fitting of the cap to the top of the tripod. A 
careful attention to these points will secure perfect immobility while 
the observations are being made, and sufficient firmness to keep the 
scaffold entirely and always free from contact with the tripod, and to 
enable both structures to resist the most violent storms. 

The following description and plan of a small portable tripod and 
scaffold may be of service, the height being well adapted for short 
lines on the southern coast: 




Tripod. — This is made of three legs 18 feet long and six inches in 
diameter, bolted together, 3 inches from the top witli an 
inch bolt, 16 inches long. After thpy are fitted together 
at the head, the spread being 13 feet, and before raising, 
one of the braces, ee, is screwed to the two outside legs 
BO as to keep them in place while raising the tripod by 
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the third leg. It is then settled two feet in the ground, 
care being taken to level it by the braces ee, which are to 
be screwed on with wood screws. 




Scaffold. — i posts, 16^ feet long and 5 inches square. 

8 cross-pieces, 7 feet long and 6 inches by If, a a. 

3 cross-pieces, 7 feet long and 6 inches by 1, h b. 

4 braces, 10 feet long and 5 inches by 1 J, c c. 

8 flooring pieces, 7 feet 3 inches long and 9f by 1, with 

holes for the tripod legs. 

The end posts are those on which the braces and cross-pieces screw 

on the ontside, and which are to be fastened together in pairs, when 

on the ground, so that it may be raised after the manner of a bedstead 

r house frame. The braces, c c, are to be bolted to the upper ends to 



steady the posts whei 
cross-pieces, and braces a 
the pieces themselves, so a 
scaffold fits to the tripod a 
levelled by the t 



{ them. All the holes in the posts, 
B to be identical as to plan and size, as also 
is to have no mistakes, and when raised the 
1 shown in the drawing. The scafiold is 
and adjusted, and in firm position after 
the floor is on, so as to be free from the tripod. The floor is to be 2 
feet 10 inches below the top of the tripod. Three iron knees are 
screwed to the tripod legs near the top, so that the triangular piece 
for the theodolitfl can be bolted to them. This piece is made of two 
pieces of one-inch plank screwed together across the graiu, and then 
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ml h floor for the tent posts, and wire 

q d f 1 scaffold. 
1 bo w h to put Tip, One large and two 
y 1 I bag to contain the screws, nuts, 
1 b eded, they should be painted dif- 

b U ^ pecta exactly alike, in order that 

p h h 
n k 1 d h nderground and snrface marks! 
b 1 il 1 1 er to be thrown up for the pres- 
d f h position of the station. 



Wh 1 ! d d the following is the method pur- 

d 

S 1 h 1 1 n (from which angles are to be 

m as d) 1 1 pi mb 1 b hall be exactly over the centre of 
h h h 1 w 1 apart, and placing them in solid 

grud h hymy m fim during the observations. By a 
hip hbomb rred out, and the azimuth plates at 

the same time be laid nearly honzontal. By means of the levelling 
screws and the levels bring these plates horizontal, turning them around 
slowly to Terify the adjustment. Then place the 0° of upper 
plate in coincidence with 0" of lower plate and clamp it in that 
position. Unclamp lower plate and turn the telescope toward the station 
which has been chosen as the origin of angles. By means of the tangent 
screw attached to lower plate, the cross-wires are made to bisect the 
signal of the station (call A). Now unclamp the upper plate and 
turn the telescope to the right, clamp, and by means of the tangent 
screw attached to the upper plate, bisect the signal of station (call B). 
whose angular distance from origin (A) it is desired to measure, 
leaving the upper plate securely clamped, and take the reading o£ 
both verniers. Now unclamp the lower plate and turn it to the left 
till the telescope again points to the signal of A, when the lower piate 
is again clamped and, by means of its tangent screw, the cross-wires 
are made to bisect the signal. Unclamp upper plate and again turn 
telescope in same manner as before to bisect the signal of B, and 
again read both verniers. This reading should be exactly the double 
of the proceeding one ; for after having once measured the angle, the 
0° of the graduated (lower) plate has been moved to the left as much 
been before moved to the right ; hence when th« 
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telescope ia the second time moved to the right to bisect the signal B, 
the reading should he double the angle measured. Continue in this 
manner until at least a round oE the circumference ot the plate has 
heen passed over, Tiiia method ia called " repeating " the angles j 
its object is to lessen the errors of observation and to eliminate aa 
much iH possible the errors of grad.uation and the eccentricity of the 
circle. The final reading is taken, and if more than the circumference 
has been passed over, 360" is added to it, and the sum divided by the 
number of times the angle has been repeated will give the angle 
accurately. It is recommended to repeat the angle six times and to 
pass over at least one circumference of the circle. 

31, To measure a round of angles without "repeating" them, When 
it is considered a needless refinement to " repeat " the angles, as before 
described, a round of angles may be measured in this way. 

Set the theodolite up over the centre of the station to be occupied 
and, after having levelled the instrument, place the two zeros (of the 
plates) in coincidence ; clamp the Tipper plate, and turn the lower 
plate till the signal of the station selected as original of angles comes 
into the Held of the telescope ; then clamp the lower plate, and by 
means of its tangent screw bisect the signal by the cross-wires. Then 
unclamp upper plate and turn telescope to the station nest to the right, 
clamp, and, by means of tangent screw of upper plate, bisect this signal by 
the cross-wires ; then read both verniers, Unclamp upper plate (leaving 
lower plate still clamped) and turn to the next station to the right ; 
perfect the bisection of this station with the cross-wires, and read as 
before. Proceed iu this way until the entire round has been measured. 
Then turn the telescope to bisect the signal of origin again, and if the 
zeros still coincide, the instrument has not been moved. This is called 
" verifying the zero." If the coincidence of the zeros is not perfect 
the angles must be measured again. 

The following tables are given showing the manner of recording 
the angles ; theform being taken fromtha Coast Survey Angle Book. 
The quantities in the columns are taken from actual work, and ara 
given as examples merely. 
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ANGLE BOOK. 

FORM FOR RECORDING HORIZONTAL ANGLES, 



No. 


Time, 


Angles, 


obBBired. 


StnlJon 
occHiiied. 


Remarks. 


Feb. 20 


9 a.m. 


14.05,10 
28,10,30 
43,15,20 

6r.,20,40 

84.31 


Statiou B 


East Base 


Ort-iu of Alleles. 

West Base. 

Angles repeated sii 
times, botb ver- 

result obtiiiiied. 

Instramcnt used. 

Wiirdemnn Tlieodo- 
lite —a" tirde. 

Least wiiiit of ver- 




G)8i,31 






IVeatUer oveccaHt 






li. 05,10 









139,26-40 
20'J,iaiO 



Same remarks. 



B5,0I 
87 '3* 
103,16 , 



Origin D. 
Instrument uaed, 
■.na Tlieodolite 
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REDUCTION TO CENTRE OF STATION. 

32. Freqnently it ia not possible to occupy tlie centre of one of the 
stations chosen, so that the angles, measured at some place near the 
centre of the station, must be reduced to what they would have been 
had they been observed at the centre of the station. Such correction 
or reduction is called the " Reduction to the Centre of Station," 




In 0gnre let C ^ centre of station. 

P ^ Place occupied by instrument. 
O = Angle at P, between the stations X and B. 
y ^ Angle at P, between C and leftrhand station B. 
r = Distance CP. 
D — « AC. 
G =. « BO. 

Call the angle at C between A and E_= C. 

In triangle CBA, C =- 180° - CBA - CAB = 

180° - (CBP+ PBA) - (BAP - PAC) 
In triangle CAP, sin (0 + y) : sin PAC = D : r 

sinPAC=.^^ifL(_0±*)_ 



D 



n(0 + ff) 



since PAC is small, PAC ■ 

In triangle CBP, Sin y : sin GBP =-0 : 

Bin CBP - '^-^ , CBP = (f^-fr, 
C=. 180= - PBA - BAP - ^"J' - -L. 



(I) 



(3) 
(4) 
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EEDUCTION TO THE CENTER OP STATION. 
But 180" - BBA - BAP = 

.-.0 = - '' ^'" y -i. '• ^'" '"Q + y ) 

a sin 1" ~ 



DsJ 



1" 



(5) 



EXAMPLE OF KEDUCTION TO CENTRE OF STATION, 



Taken from, Jeffers' SuTvey'mg. 

G = 42390 yards r = 5-00 yards D =57836 yards 

= 42" 53' 21 y = 248" 50" O + y == 2U1° 43' 21" 

Log ?■ = 0.69897 

ar. CO. log. sin. 1" = 5.31443 

°^' sin. 1" =° 6.01340 .... 6.O1340 

log. sin. (O + y) = -9.96801 
ar. CO. log. D = ^23781 
2d Tem-16."57 Iog.-r21922 

1st do. +2 2."69 

+6",12 = Eeduotiott to centre. 



Jog. sin. y = - y.yoyeij 

a r. CO. log. G =_5.37273 
1st term-22". 69 log,-1.3oo79 



REDUCTION OF 3EXTANT ANGLES TO HORIZOKTAL 



If the angular distance c5 has been 
measured in an oblique plane, it becomes 
necessary to find from this the liorizontal 
angular distance between the vertical circles 
posing through the two points ; that is, to 
obtain the horizontal angle between them. 
If we measure the altitudes of a and S, and 
thence get their zenith distances, we have in 
the Spherical Triange a Z5, the sides Za, 
ZJ, and ah, from which can be found the C 
angle aZi, which is measured by the arc 
AB, which also measures tlie angle AcB, which 
angle between tlie two points a and h. 




\ the horizontal 



To find this the following formula may be employed. 
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putting (£ = H - A 
.in I ' _ f 'inKl' + .?)»iiKD-.i) V 

■ ■ V 00, n coi ;. ) 



in which II = alt. of «, A =^ alt, of i, D := ang dis. cor. for indoi 
correction, C = ang aZb. 

^^PQ^i ._ /^co.s i(H +A+ D ) cos 1 (H + A-D) \h 0) 

^' \ " CO. H cos A J 

which are the same as found in the discussion of the astronomical 
bearing. 

These formal^ are general and exact in all cases : but as the alti- 
tadp of a atiA b rarely exceeds a few degrees, it is usual (when great 
accir.-acy is desired) to compute the correction of the observed angular 
distance to obtain the corresponding horizontal distance, the formulte 
for which may be found in Jeffers' Surveying, page 131, But as in the 
following example, in which A =^ 2°, H = 3°, and the distance mea- 
sured 56°, it was founsi that the correction amouuted to but 0' 50", it 
will be seen (bearing in mind that it is practically impossible to mea- 
sure angles with the sextant within 20") that this correction can be 
generally neglected, provided the altitude of neitlier object exceeds 2° 

If the plane in which the objects lie is inclined at a small angle 
to the horizon, a very good value of the horizontal angle may be oV 
tained by observing tlie angular distance of each object from a third, 
very far to the right or left of both. The difference of these angular 
distances will be nearly equal to the desired horizontal angle. Should 
the obliquity of the plane be considerable, (he horizontal angle must 
be found by the formula! given. 

SPHERICAL EXCESS. 

34. Definition,— The excess of the sum of the angles of a spherical 
triangle over two right angles is called the spherical excess. 

In small triangles where the sides do not exceed 6 or 8 mites it 
need not be considered, but in large triangles it must be. 
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The expression for the spherical excess ia [Chauvenet, Trig. 
Art. 162.} 

Excess = "-^-''"^. ^ , 
2 ^ sin 1" 



r ^ radius of earth, 
logarithm of mean radius of earth in yards is 6.8427917 

Between latitudes of 25' and 45" the spherical excess amounts to 
about 1" for an area of 75.5 square miles. Hetice if the area m square 
miles be known, a close approximation to the spherical excess n ill be 
had by dividing the area by 75.5 miles. 

If the three angles are assumed to have been equilly well meas- 
ured, the previous determination of the spherical excess is not neces- 
sary for the calculation of the sides, (though it will be required for 
estimating the relative accuracy of the observations), for the length 
of the sides of a spherical triangle may be computed as it they were 
rectilinear when one thii-d of the excess of the sum of the three angles- 
above 180° is deducted from each of the three o 



nsin(B-iE) 




- .m(A-iE) 




a. h. .11. C (I + ^ « 


).2L) 



in which latter r == equatorial radius, and L ^ the mean latitude of 
the titree stations. 

e ^ eccentricity of the earth. 



35. Three orders of triangulation are i 
operations for the survey of a coast. 

1. The primary triangulation with sides varying from 20 to 100' 
miles in length. 

2. The secondary triangulation with sides varying from 5 to 20 
miles in length, either connecte<l with the primary, or starting out 
from independent bases. 

3. The tertiary triangulation with sides of less than 5 miles. 



,Google 



42 MARINE STJRTETING. 

The survey ol a harbor therefore generally comes under the head 
of tertiary tri angulation. 

To unite the most advantageous conditions, as has been before 
stated, tbe triangles should be as nearly equilateral as possible. Small 
errors in the measurement of angles will then least affect the com- 
puted length of opposite sides. The least number of triangles which 
will cover the ground should be employed ; but for the purpose of a 
hydrographic survey the sides should seldom exceed 12 or 15 miles, 
as it would be dilSeult to distinguish the signab in the atmosphere of 
the sea-shore. 

On the coast survey, with very powerful instruments, triangles with 
sides of 40 miles are common, and sides of 84 miles have been used. 

A verification base should be measured and connected with one of 
the last triangles, to detect any errors which may have accumulated in 
the triangulation. 
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CHAPTER IV. 
PLOTTING THE WORK. 

TlIK SCALE PLOTTING THE PRINCIPAL STATIONS — RUNNING IN 

TUE SHORE 1,INE PLOTTING IT — THE TELEMETER. 

THE SCALE OF THE CHART. 

36. The scale of the chart will depend upon the size of the paper 
and the extent of the survey. Scales are usually expressed fraction- 
ally. 



6,000 50,000 100,000 



&c. 



Wishing to construct a scale of j^g lay off on the edge of the 
paper a line one, two, or any number of metres or feet in length. 
Divide each metre or foot into fifty equal parts. Each foot will 
represent 5O0O feet, and each subdivision 100 feet. Lay off an addi- 
tional subdivision (100 feet) to the left of the zero of the scale, and 
divide it into five or ten equal parts, and upon this construct a rect' 
angle and draw a diagonal scale. 

37. The angles having been measured at the different stations, and 
the triangles having been determined upon, the sum of the arigles at 
the three stations is taken, which (in the triangle of an ordinary 
harbor survey) should equal 180°. Should the sum not equal 180", 
and should equal reliability be placed upon each of the angles, then 
one-third of the difference of the sum and 180" should be added to, or 
subtracted from, each of the angles. 

Now having the angles and the length of the base line given, find 
the length of the other two sides. These sides may now be used aa 
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the given sides of other trianglea, hut whenever it is possible the 
triangles should be formed upon the base line, so that the errors may 
be carried through the work as little as possible. 

Before plotting the statioQs upon the chart it is necessary to plot 
the base line in its proper direction and length. 

Draw a line to represent the meridian (usually drawn parallel to 
one edge of the paper), and from any point on it lay ofE the azimuth 
of the base line ; draw a line in this direction, and in such a part of 
the paper that ail the stations may be plotted. Take from the scale 
the length of the base, lay it off on the line which ha^ been drawn as 
the projection of the base line produced, and the extremities of the por- 
la' 1 S will be the base stations. 

T p he other stations it is best to compute the sides as described, 

and w e length of the side from Base (1) to A taken from the 

a a idius and Base (1) as a centre, describe an arc; with the 

g h e side from Base (2) to A taken from the scale and with 

Bas ( ) a a centre descnbe a second arc, — the intersection of the 
two is the position of the station A. In this manner all ihe stations 
may be plotted. 

This is more accurate than by laying off the angles from Base (1) 
and Base (2), and fining A by the intersection of the two lines Base 
(1) A, Base (2) A ; but in reconnoiasances, and with the not very 
precise instruments for measuring the angles with which surveyors 
are sometimes supplied, the points will probably be fixed with 
ButHcient accuracy by intersection. (It will be seen that perfect 
rulers and protractors are necessary in this method particularly if 
distances are considerable.) Other prominent points may be plotted 
upon the chart by "cuts;" measuring at two or more principal 
stations the horizontal angles between the prominent points (which 
may be called secondary stations) and some other principal station 
which has been accurately placed upon the chart by the computed 
lengths of the sides of the triangle by which its position was fixed. 
These se,coudary stations, which do not enter at all into the main 
system of triangles, are chosen entirely with reference to their 
topographical or hydrographical importance. In this work, the 
minute accuracy necessary for the determination of the principal 
stations is not required. Fixing several secondary stations about the 
shore or coast in this way affords a good check upon the coast line 
between the principal stations. 
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TO RUN IN THE SHORE LIKE BETWEEN TWO 
BTATI0K8 



38, This may be accurately done iq the following manner, using a 
th d 1 1 d J chain, steel tape, or a line carefully marked 

anil mp d w 1 m tandard measure. Set the theodolite up at 
on f h p m p 1 tat a, place the zeros in coincidence, clamp the 
upp [It dp t th telescope at some other principal station, 
wl 1 h Id b h that lines drawn from it to parts of the line 

to be h 11 t n k too acute or too obtuse an angle ; clamp 

low 1 1 t S d m with a flag along the line, who is to proceed 
33 f h t u f 1 coast or the character of the country will 

allow It to run without changing its direction, and let him place the 
flag at this point (a). Turn the telescope of the theodolite lo bisect 
the flag pole ; clamp upper plate and note the reading. The meas- 
uring party now move along the line, being kept in it by the ob- 
server at the theodolite. The leading chain-man carries in bis hand 
ten pins. The rear chain-man places his end of the chain at the cen- 
tre of the station started from and the leading chain-man stretches 
the chain taut along the line, and sticks a pin in the ground at the end 
of tlie chain. Both chain-mea now move on till the rear man tomes 
up to the pin stuck in the ground. When the rear end of the chain 
is brought to the pin aud the chain again hauled taut in the 
line and the bead chain-man sticks a second pin in the ground. 
The rear man now pulls up the first pin, and both move on. 
This is repeated till all the pins have been stuck by head chain- 
man ; when the rear chain-man pulls up the tenth pin an entry is made 
in the record book and the pins are sent on to head man. At every 
length of the chain, or more or less frequently, according to the nature 
of the coast or country, offsets are measured at right angles to the 
line, to the water's edge, or the hills, or any prominent landmark. The 
distance having been measured, the theodolite is moved forwanl to the 
auxiliary station (a) marked by the flag pole, and is set up. The 
lower plate is undamped and the telescope turned toward the station 
just left — the lower plate is then clamped and the telescope transited, 
the upper plate unclamped and the telescope pointed in the new direc- 
tion of the line, indicated by the flagman who has been sent on to the 
point (i) where the line again changes its direction ; the reading is 
then noted. The chaining party proceeds as before, and, having 
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measured this second distance, the theodolite is again moved forward ; 
but the place last occupied by it must be marked by a flag, or some 
other distinguishable signal, so that when the theodolite is set up at a 
third point (c) it may be sighted back to (b). This process is con- 
tinued till one of the principal or secondary stations is reached, when 
this station becomes the origin of future measurements. 

The coast line is then plotted upon the chart in the following man- 
ner: (Fig, A). Draw a line from station left to the origin of angles. 
Lay off the angles which the different portions of the line make with the 
line drawn from station left to origin. Lay off in the first direction the 
first distance measured and mark the point (a). With a pair of parallel 
rulers draw a line passing through (&) parallel to the second direction 
of the line, and lay off the distance measured between (a) and (S) 
mark this point (6), and so on till all points are plotted. The offsets 
are laid off, in their proper intervals, at right angles to the measured 
line, and a free hand line is drawn through the ends of the offsets 
which will represent the shore line ; or if offsets have also been 
measured back to the hills, it will give their contour. 

In the figure the principal station started from is F, and the station 




The field n 



3 may be kept a 



By this method of running in 
and plotting the coast line it will 
be noticed that all angles are laid 
off at the same point and from 
the same origin ; consequently 
the only error that will enter in 
the plotting will be in the leogths 
of the measured lines (supposing 
the angles to have been correctly 
id), for the directions of 
lines will be same as they are 
in reality. It will be seen that 
less error is accumulated by this 
method than by the others here- 
after described. 

It will be found that wharves 

and slreels may be put in in tliis 

very accurately. 
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39, To run the shore line in with Bureau of Navigation pattern of 
theodolite or sextant. 

The theodolite furnished by the Bureau of Navigation has but one 
horizontal plate which is capable of motion around a vertical axis ; 
consequently it is impossible to repeat angles, and it is also impossible 
to run in a shore line by the method (using back angles) before de- 
scribed. To accomplish the desired result 
with this instrument, set it up over the prin- 
cipal station to be started from, and having 
adjusted the instrument turn to one of the 
other principal stations, which lies in a direc- 
tion as near 90" as possible from the direction 
of line to be run, and note the reading of the 
zero. Having sent a flagman ahead, as far 
as the contour of the coast or the nature of 
the land will allow, unclamp the plate and 
turn the telescope so that its cross-wires 
bisect the flagman's signal, and note the 
reading. 

The measuring party now proceed to 
measure the distance between the principal 
station and the subsidiary station (a), as 
before described, being kept in line by an 
observer at theodolite. This done the tlieo- 
dolite is removed and (the signal having 
been replaced) is talcen to the subsidiary 
station occupied by flagman, who now 
moves ahead to the next turn of the coast , 
(b). The theodolite is to be set up at (a), 
and the telescope is turned to one of the Fie.B. 

principal stations, not necessarily the same one as before observed ; the 
angle between this station and the new direction of the line observed, 
and the distance between (a) and (6) measured. Thus proceed until 
the other principal station is reached. 

The method of plotting this work h of course different from that 
employed in the first method described ; and it will be seen that in 
using this method an error in any measured distance will affect the 
result much more than the same error would by the first. 

The work is plotted in this way. Suppose the start to be made at 
station C. The angle the first direction o£ the line makes with a 
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line from C to D is 100° ; ite length is 1200 
feet. The angle that the second direction 
of line makes with a line drawn from (a) to 
E is 120"; its length 900 ft. Tbe third direc- • 
tion, from (5) to station B, makes an angle of \ 
80° with a line from (i) to F, its length 1000 
ft. At C lay off a line making angle of 
100° with CD, and on the line mark off 1200 
ft. according to scale ; this will give (a). At 
{«)lay oft a line making an angle of 120" with 
the line (a) E, and mark off the distance as 
before. So proceed till station B is reached. 
,If the end o£ the line (6) B falls upon B the " 
work is correct. 

But it will he seen that should the dis- 
tance from C to (a) be in error, that not 
only will the position (a) be in error, but 
the plotted direction of the line fi'om («) to " 

(i) will also be in error. 

The figure will also serve as a mode! for keeping the field notes. 
There are, however, no offsets shown in it. 

See plate IX. in reference to scale, tri angulations and plotting of 
shore line. 




TiiK Telemeter. 



40. In consequence of some of the disadvantages resulting from 
the employment of the chain (or measured lines), among which are 
the necessity of dependence for correct distance upon tbe chain-men, 
the number of persons required, the time consumed, and the obstacles 
to its use in some parts of the coast line or country, an instrument 
called the telemeter may be used. Experience has shown that dis- 
tances measured by it have been exceedingly correct, 

Tbe telemeter, as used by the Coast Survey, is simply a scale of 
equal parts painted upon a wooden plank about lO feet long, 5 
inches wide, and 1^ inches thick ; so graduated and marked that the 
number of divisions upon it as seen between the upper and lower 
wires (horizontal) of the telescope of a theodolite or plane table is 
equal to the number of units in the distance between the observer's 
eye and telemeter held at right angles to the line of sight. In all 
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cases the telemeter should be graduated Experimentally for the par- 
ticular telescope and eye o£ the observer wUo is to use it. Although 
the telemeter is intended for use in connection with the plane table, 
it can be also used with the theodolite by placing an additional hori- 
zontal wire in the diaphragm plate. The following is 
from the C. S. Report of 1865 : 

The horizontal wires in the diaphragm of the telesco 
should be accurately adjusted, and the divisions of I 
telemeter made to correspond in length with the distance 
included between the upper and lower wires of the tele- 
scope at a carefully measured distance, and then divided 
into as many equal parts as there are units in the dis- 
tance measured. 

For convenience of transportation it can be hinged in 
the middle, and secured on the side when in use by a slid- 
ing bolt ; and as it is necessary, when observed upon, 
that it should be held accurately at right angles to the 
line of sight, a small brass movable bar, with sights o 
a groove upon its upper edge, should be fixed upon the 
side of the rod at a convenient height for the eye of the 
rodman, and which, when in position, will be perpendici: 
lar to the plane of the telemeter and directly in the line 
of sight of the telescope. 

The correctness of the telemeter depends upon the 
closeness of the reading, and the accuracy with which tl 
rod is held perpendicularly to the line of sight. 

With ordinary care aa error of reading should not 
occur even at the greatest distance denoted on the rod. 
With the observations carefully made, and the res 
the rod reduced to a horizontal plane, the greatest dis- 
tance given by it — as usually divided — can be relied « 
as practically correct. There is no sensible error at any 
distance greater than 20 meters and less than 2S0, and, 
generally speaking, the telescopes of the Coast Survey 
alidades have not sufficient reading power beyond 400 
meters, but it will generally be safe to rely upon it for 
any distance from 15 to 300 meters, beyond which it cannot be ri 
with accuracy for use in constructing a map on a scale of xiricc- 

The telemeter has been recommended for use in a great variety of 
cases where it becomes necessary to determine di*ances, in such 
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close filling in as the comers of streets, wharves, &c., determination 
of all classes of detail, in traverses, shore lines, and even the establish- 
ment of positions ; but in the latter it is safe only to depend upon 
good iatersections. It has been employed, however, in all manner of 
detiwl, and is preferred by some to the chain in all cases save in com- 
pactly built streets and on long lines, where the distances are so great 
that the telescope will not admit of the accurate reading of the rod ; 
it is maintained by some that where only a single point Is to be seen 
positions can be readily and accurately determined. 

For the rednctioa of the hypothenuse to the base, the following 
table is given ; 

TABLE FOR EEDUCTION OF HYPOTHENUSE TO BASE. 







Hypothenuae. 






Angle. 
























100 meters. 


200 meters. 


300 meters. 


400 meters. 


500 meters. 


6' 


99.B2 


199.24 


298.86 


398.48 


498.10 


10° 


98 


48 


196 


96 


21)5 






492.40 


IB" 




59 


193 


19 




78 


386.37 


482.96 


20° 






187 


W 


281 


91 


37S.3S 


469.85 


25" 


90 




181 


26 


271 


89 


302.52 


453.15 


30" 


86 


60 


173 


31 


259 




346.41 


433.01 


35° 


81 


92 


163 


S3 


246 


75 


327.66 


409,68 


40O 




60 


153 


21 


229 


81 


306 42 


383.02 


45" 


70.71 


141.42 


312 


13 


282.34 


353,55 
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CHAPTER V. 



DETERMINATIOK OF HEIGHTS. 



MEASUREMENT OP SHAT.I, AI.TITUDE8 AND DEPRE38IOHS — HEASDRE- 

MENT OF SLOPES WITH SEXTANT AND ARTIFICIAL HORIZON 

DETERMINATION OP HEIGHTS. 



41, To measure very small altitudes or depressions with the sextant 
and artificial horizon. 

When, the object has a considerable altitude it is measured in the 
same manner as in measuring the altitude of a heavenly body with the 
same instruments. But when the altitude is small this becomes ex- 
ceedingly inconvenient and difficult. The following method may be 
employed for determining small altitudes o 

Stretch a string over the artificial horizon. 
Place the eye so that the string wiil cover 
ita own image in the mercury. The eye and 
string are consequently in the same plane. 

Then, seeing the string by direct vision, 
cause the reflection of the object, whose alti- 
tude or depression is to be measured, to coin- 
cide with the string. The angle measured 
is O E N, the supplement of the object's 
zenith distance, which, if greater than 90°, 
will ^ve the object's altitude ; it less, its 

42. To measure slopes with the sextant and artificial horizon. 

Let A G be a horizontal line ; and A B the surface or line whose 
slope is required. Mark two points equally distant from the place of 
observation, and on the line A B. Measure, by the method described 
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in the preceding article, the angles a and a'. Then half the difference 
between tliese two angles will be the inclination of A B to the horizon. 




For the triangles AFEandCFDa 
with their acute angles at F equal. 



r, being right angled 



I>CF=T>X^. But 

angle of inclination of A B to A G, the horizon. 

If the points A and B are not equally distant from the observer, 
but yet far apart, this method wUl still give a close approximation, the 
error, which is additive, being \ (9'- 9), D not being in middle 
point of A B the triangle is no longer isosceles, but 
180* - (a' - D C F) = 90° + 0- 
■ ■■ DCF-=-90'' + a! + 8' 
180=- - (a + D CP) = 90° + 
.: DCF =- 90°-a-e 



DETB RUINATION OF HEIGHTS. 

43. While measuriag a round of angles the altitude of prominent 
heights should be observed as well as their horizontal angular distance 
from other points of the tri angulation. This may be easily done 
with a theodolite fitted with a vertical or altitude circle ; but should 
the theodolite have no such arrangement, or should the sextant be 
the instrument used for the measurement of the horizontal angles, 
then the altitudes must be measured with the sextant and artificial 
horizon. 
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TVhen the triangles are computed, the distance between the station 
at whicliL the altitude is measured and the object itself is found ; or if 
its position has been fixed by cuts, then tbe distance may be measured 
upon the chart. 

Knowing the distance of the object and the angle which its height 
subtends, we can find the height by the solution of a plane right 
angled triangle. 

But when the distance is at all considerable it becomes necessary to 
take into consideration the figure of the earth, and consequontly to 
apply a correction to the computed height. Considering the figure to 
be that of a sphere (which will create an inappreciable error), points 
that are on the same actual level are not on the same apparent level, 
owing to the curvature of the surface. 

44. Let the figure (which is of course 
very much distorted) represent a section 
of the earth. A, the point at which 
observer is stationed ; B', a point of 
which the vertical height above B is n 
quired, HAB' is the altitude of B' as 
seen from A. The triangle AIIB' dif- 
fers but little from a right-angled tri- 
angle, and the error in B'H, from coa- 
sideriDg it such, will not be appreciable. 
But it is evident that to find the true 
height above B, it is necessary to add 
the correction BII, and this is called the 
correction for curvature. 

Let k = AH, known from computation or by measurement from 
chart. It is in reality the arc AB,but, being small, it will not 
difier sensibly from its tangent AH ; 

r =. mean radius of earth ; 
X ^ correction for curvature. 




Since C A H is a right-angled triangle 



2r 



2i- 
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but will be bo small a fraction that it 



may be neglected ; at a distance of 24.3 statute miles 
SOOft. 

These values for x are here tabulated. 

DiFPRKENCB ijf Feet between the App4hest akd Trub Level. 



(2) 



^■ 


Difference in feet for— 


O 


DifEerence iu. feet for— 












— ™ 


RetmcUon. 


Caivature 
audre- 


o.™.„ 




Citrva ure 
and e- 
fractioQ . 


1 


0.7 


0.1 


0.6 


13 


112.8 


16.9 


96,9 


2 


2,7 


0.1 


2.3 


14 


130.8 


19.6 


111.2 


3 


6,0 


0.9 


6.1 


IS 


150.2 


2 5 


127.7 


4 


10.6 


1.6 


9,0 


16 


170,8 


25.6 


145.2 


5 


16.7 


2,5 


14.2 


17 


192.9 


28.9 


['164.0 


6 


24.0 


3.6 


20.4 


18 


316.2 


33.4 


183,8 


7 


32.7 


4.9 


37.8 


19 


240.9 


36.1 


204,8 


8 


42.7 


6.4 


36.3 


20 


266.9 


40.0 


226,9 


9 


51.1 


8.1 


44.0 


21 


294.3 


44,1 


250.3 


10 


6fi,7 


10.0 


B6.7 


22 


aJ3.0 


48.4 


274,6 


H 


80.T 


12.1 


68.6 


23 


353.0 


62,9 


300.1 


13 


86.1 


14.4 


81.7 


24 


384,4 


57.7 


328.7 



log. ; 



mean diameter of earth 
log. square of distance in feet — 7,6209147 



i» 



Refraction ^ -_ m, where k represents the distance, E the 

mean radius of the earth, and m the co.«fficient of refraction. 

Curvature and refraction = (l-2m) -- 

Or. calling A the height in feet, and k the distance in statute miles, at 
which a line from the height h touches the horizon, taking into 



,Google 



DETERMINATION OF HEIGHTS. 



account terrestrial refraction, assumecl to h 
the above table, (.075,) we have 



7.53 



17.63 



The same result may be arrived at by another method. Instead of 
finding the correction to be applied to the computed height, find the 
correction to be applied to the measured altitude. As the measured 
altitude is necessarily too small, this correction is, under the ordinary 
state of the atmosphere, additive. 

This correction is the angle HAB = l ACB. (Book II., Ghau- 
venet's Geom.) 

Taking the length of the arc of V as 6086 feet. 

Then for any arc k (the distance) the correction 



0.0001643 X i^ = 0.000082U expressed in minutes ; 
expressed in logs., 5.91434 + log. k 



(3) 
(4> 



and the height of BB' = tan (B'A H + cor> k 
In addition to this correction for curvature, there is also a correc- 
tion for atmospheric refraction. The rays of light which pass from 
any distant object on the earth's surface suffer a change of direction, 
which is called '' Terrestrial Eefractioa," by which the object appears 
higher than its true position. 

This effect has been determined to 1 
variable, but under the average state i 
the atmosphere of the sea shore it varii 
between .074and -078. That is, the alti-- 
tude of the object will appear between 
■074 and -078 (about -^) of the inter- 
cepted arc, or distance in sea miles, greater 
than it really is. Thus an object 13 miles 
distant will be raised 1' in altitude by ter- 
restrial refraction. The amount of the 
correction then depends upon the distance 
of the object, as can be seen from the 
figure ; the object being seen in a line 
tangent to the curved ray. 

The " correction for refraction " may be made in this way. From 
the measured altitude of object, B"AH, subtract ^ of the distance in 
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sea milea (considered as minutes of arc). Then find from the righl; 
angled triangle the height B'll, using the corrected angle H'AH. 
This will give the height corrected for refractiou. To this add the 
correction for curvature, and the result will give the height of the 
object above the true level of the obsei-ver. 

It will be found that the " correction for refraction" by thi= method 
will agree very closelj with the corrections tabulated together with 
the "corrections for curvature" on page 54, For instance, if the 
measured altitude of an object is 2°, distant 5 sea miles, we have 

2° log. tan 8.54308 
k ^ 30430 ft. log. 4.48330 

Height uncorrected for refraction =— 1062.62 log. 3.0-2668 
Subtracting ^ of 5' = 23" from 2° we have 

I" 59'' 37" log. tan. 8.54170 
k = 30430 ft. log. 4.48330 

Height corrected for refraction by method described = 

IOoD.25 log. 3.02500 
Correction for Refraction, as taken from Coast Survey formuU 
page 54 ....... . 3.36 ft. 

" ■' by taking difference of the above computed 
heigbte , 3.37 ft. 

The correction for curvature computed by the formula ^'"22.1 65 

So that the correction for curvature and refraction = 18.80 ft., and 
the true height of the object = 1081.42 ft. 

1 may be thus deduced. By reference to 

" Coffin's Navigation," Articles 47, 48, it is shown that the atmos- 
pheric refraction decreases the true dip by -074 of itself. The 
true dip of the horizon is its distance in sea miles from the 
observer. From which we learn that the atmospheric refraction 
increases the true altitude of the horizon or any other object by .074 
{or taking the mean co-efficient of refraction .076, which we will 
hereafter use) of its distance in sea miles. 

In the fig. B"B' is the correction for refraction expressed in feet. 
A = AH ™ AB = AB', (nearly) =AB" in feet. 

then k expressed in seconds of arc ^ — 

R sin 1" 
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and the cori'ection of retraction expressed in arc := 

• ■■ B'B" --g^-pr- X .076 X AB' .in 1" - ^ x -"^ (^O 

To put this in a general form, tlie correction for refraction (in 
feet) 1= - X m in whidi m is co-efficient of refraction. 

46. To find the height ot an object, its distance behig ktmwn, and 
its altitude being measured abo^e the sea horizon. 

From the measured altitude subtract the dip as tiiken from 
the dip-tables (corrected for refraction), this will give the apparent 
altitude above the true horizon of the observer. From tliis altitude 
subtract .076 (or ^) of the distance of the object ia sea miles. Com- 
pute the height of the object by the formula, height ^ k tail. alt., 
this will give height uncorrected for curvature, but corrected for 
terrestrial refraction, compute the correction for curvature, which add 
to the height already found, and this will give the true height of the 
object. 

As the co-efficient of refraction varies so greatly, it will be seen 
that observations for the determination of heights by the methods 
described should only be made when the atmosphere is at its normal 
condition. 

When the water ia warmer than the air, the dip is greater than its 
tabulated value ; when the water is colder than the air, the dip less 
than its tabulated value. 

Prof. Chauvenet (vol. l,p. 176, Astron.) hasdeduceil the following- 
formula. 

D' = D- 24021" Lr_A 
D 
in which ( ^= temperature of the air. 

D being true dip in seconds. 

47, To find the distance ot an object whose true height and mea- 
sured altitude above the sea horizon are known. 

Mstimate the distance. Subtract the dip, as found in the tables, 
from the measured altitude, and fi'om this subtiact -^ of the estimated 
distance. This will give the altitude abL '-- .h ^'server's true horizon, 
and corrected for terrestrial retraction. Tlien compute the c- 
for curvature, which subtract from the true height. With this ( 
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rected height and corrected altitude compute the distance from A = 
cor. height X cot. cor. altitude. 

If k as computed, differs much from the estimated distance, it is 
necessary to approximate again, by using tlie first computed distance 
as the estimated distance in the second approximation. By successive 
approximations a correct result ia arrived at. 

48. To find the height of an object the altitude of which is mea- 
sured above a shore horizon. 

Prof. Chauvenet, in his Astronomy, vol. 1, art. 126, gives as the 
expression for the " apparent depressiou (true dip corrected for ter- 
restrial refraction) of any point of the surface of the water nearer than 
the visible horizon." 

Dip = 22".I4 <f + 39".07 ^ {x heing in feet, d in statute miles.) 



Dip = 25".e5 d + 33".73 ^ (x being in feet, d in sea miles.) 

Hence to hnd the height sul tr-vct from the m isuied iltitude the 
dip computed by the formulae ju'Jtgivn, is well as the correction for 
terrestrial refraction due to the distince of the object Then from 
this corrected altitude find the height by formula 

height = i tin cor alt 

1^ To show how the formula given ihove are 

deduced, let T be the point the dip of which is 
required, m& A the position of the ohserver 
■ Let TA be a ray of light from 1, tangent to the 
earth's surface at T, meeting the vertical line of the observer at A', 

Put D — the dip of T as seen from A. 

d = the distance of T in statute miles. 

X = the height of observer's eye in feet ^ AB. 



We have from a previous formula deduced in tlie same treatise 
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anil the dip of T as seen from A' is, aceonling to anotlier previously 
deduced formula, 

= 58".&-2 <fif (2) 

both of which are nearly identical with formulie 53 and 57 Coffin's 



Kow supposing that TA, TA' to be drawn, the dip of T at A esceeds 
that iit A' by the angle ATA' very nearly ; and we have nearly 



I 1" 6280 rf sin 



(3) 



substituting the value a 



since 1" = .00000485 

D = 44".6C (Z + ^ -|-39".07 — 22".52 d 

= 22".14rf + 39".07? ^** 

a 



3f d is given in sea miles by exchanging rf for ^ d 



D = 25".65 d+ 33".73- 



(5) 
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CHAPTER VI. 
HYDEOGRAPHICAL SURVEYING. 



HYDEO GRAPHICAL SURVEYING PLAN OP SOUNDINGS — COAST SUR- 
VEY METHODS DETERMINATION OF POSITIONS THREE POINT 

PROULEM RUNNING LINES OP SOUNDINGS — PLOTTING SOUND- 
INGS — REDUCTION OF SOUNDINGS. 

49. Hydro GRAPHICAL Surveying comprohendB the determina- 
tion and delineation upon a plane surface, of the areas and depths of 
bodies of water, of the form and character of the bottom, and of the 
figure and position of the adjacent shores and outlying rocks or shoals, 
and the representation of natural or artificial marks which servo as 
aids to navigation. It also includes the observation and reduction of 
tides and currents, the investigation of which is also styled Physical 
Hydrography. A Nautical Survey properly comprises both the Topo- 
graphy and Hydrography of a coast or harbor. 

PLAN OP SOUNDINGS. 

50. In a detailed survey of a harbor, the hydrographic work will 
be simplified, and made more complete and symmetrical, by the 
adoption of a plan of sounding lines, prior to the commencement of 
the work. The selection of the plan falls upon the ofiicer in charge 
of the survey, and is determined by the degree of accuracy required, 
the time which may be given to the work, the number of observers, the 
facilities at hand, and the conditions of winds, weather, and currents. 
The last named considerations may also influence the determination 
of the direction of the lines, with a view to the economy of time 
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mil tbor Indeed, ill pi tus wil' be mcwlified Ij> tie j eculnnties 
incident to the survej and fiequently i combination of two or more 
metlioit. will best secure tbe objects ib iiew It is not onh neces 
sary to designate upon a chart the exact positions and maj,nitudes of 
dangers, hut ilao to mlicate the undulations and character of the 
bottom which trequently enable the navigator hj casts of the lead, 
to recojTiize bia position or the course he is making and which are 
otten at night the only guides to an anchorage The direction of 
the lines being determined with referenre to tho wind weather, and 
cuiicnt^ the number of hnes neee sary will generally increase with 
the slop »nd ine_ular ty of the bjttom 

COAST SUUVliY METHODS. 

51. The following systems for running lines of soundings are used in 
the hydrographic work of the United States Coast Surrey. 

System a comprises a set of lines normal to a coast, direction of a 
stream, or line of shoal, at such distances apart as the locality may 
require. This system furnishes no means by which the positions of 
the soundings can he verified. Fig. 1, Plate III. 

System h is composed of a set of lines as in system a with another 
set at right angles to them ; the first giving the longitudinal slope and 
irregularities, and tlie second giving cross-sections. Fig. 2, Plate III. 
This method cuts tho field of work into rectangles, and the intersec- 
tions of the lines provide checks of the accuracy of the soundings. It 
will generally give all the results required for navigation or nautical 
purposes. 

System c. Double lines, running each at an angle of 60° to the 
line of the coast, or SC to the general direction of the river, or bay, 
and making angles of 60° or ISO-" with each other, with another system, 
parallel to the coast, or normal to the direction of the river, or bay, 
crossing the first system of lines at their intersections, so that each of 
the angles at the point of intersection would be equal to 60° ; all the 
triangles thus formed by the intersecting lines being equilateral tri- 
angles. Fig. 3, Plate III. 

This system will give the best results with the fewest lines, and haa 
been successfully used. The soundings are verified by the intersec- 
tions of three lines. 

System rf contemplates the use of system b with another similar 
system at an angle of 45° ; the two systems having common points 
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of interaection. Fig. 4, Plate III. Tlie space is thus divided into 
right-angled triangles, the soundiogs being checked by the intersections 
of two lines and of four lines. This system is suitable for minute 
work with large plans. 

In making a reconaoissance, orin a rough surrey of aa unimportant 
waterway, zigzaging may be resorted to in order to save time ; but, 
even in this case, the alternate courses should be normal to the stream 
in order to furnish cross-sections. 

The entrance of a harbor should also be sounded by lines run upon 
the ranges, in order to discover any obstruction in the fair-way. 

Dangers, rocks, sunken wrecks, or other abrupt obstructions, and 
prominent irregularities, should be specially examined, apart from the 
usual lines of soundings. Alluvial shoals may be developed in con- 
nection with the general system. 

52. The officers charged with the wort of sounding should be fully 
informed as to the system selected and the degree of detail and ac- 
curacy it is designed to secure. Each officer should be furnished with 
a plot or tracing of the harbor, upon which all the principal stations 
of the triangulation appear ; and it wiil jje found useful to have the 
plot mounted, and the means at hand of fising upon it the Important 
points of the lines. It will be convenient to have the watches set to 
that of the observer of tides. The harbor being duly apportioned 
among the officers, the sounclirigs will be obtained without loss of 
time or labor, and without serious o 



FIXING THE POSITIONS OF 80UNDIKGS. 

53. When there is a sufficient number of observers, the observations 
for fixing the positions of the sounding boat may be made on shore. 
Two observers are placed at stations of the survey, or at the extrem- 
ities of any line of the triangulation, and, upon signal being made 
from the boat, the observers take angles simultaneously upon the boat 
by sextant, theodolite, or plane table. The times of observation 
should bo noted opposite the angles by watches compared before and 
after the observations with the watch of the the boat officer. This 
method is rapid, and gives results which are entirely reliable. 

54. Usually the position of the boat is determined by sextant angles 
taken in the boat upon three points of the triangulation, according to 
the well known three point proUem, which is enunciated as follows : 
Tn a given plane triangle, ahc,tojinda point, o,SKckthal the tkreelines 
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drawn from this point to the points a,h, and c, shall make given angles 
with each other. The general solution of the problem is given in 
Chauvenet's Plane Trigonometry, page 82. 

In the application of this prohlem to the use of hydrographie sur- 
veying, the selection of the stations to be observed reijuires some skill 
and a knowledge of the principles involved. A consideration of the 
positions which the observer may occupy with reference to the angles 
of the triangle will facilitate the practical employment of the problem. 
The triangle is known in Plane Table practice as the great triangle, 
and the circle whose circumference passes through its angles is called 
the great circle, names which may be conveniently used in this descrip- 

If the sum of the angles x and y, (Fig. I, Plate IV), observed at 
the point o, exceeds 180°, the position of the observer will be accurately 
determined, and evidently lies within the triangle. In this position, 
when convenient, the third angle » may also be taken, completing a 
rouird of angles, and furnishing a check upon the accuracy of the obser- 
vations. 

When the sum of the two angles observed is equal to 180°, the 
observer is upon one of the sides of the triangle, {Fig. 2, Plate IV). 
Therefore, if the observer, starting from or near any station, as a, or 
having fixed the position at which the line begins, selects au object as 
far beyond as possible and directly in range with a second station e, 
the boat being palled upon that range, the observer's position at any 
point on the line may be determined by a single angle from a signal 
placed at either extremity of the line to a third station h. A single 
angle x, (Fig. 3, Plate IV), also suffices when the observer is on the 
prolongation of a side of the triangle. In selecting tJie third station, 
it will be sufficient to note that it is as near as possible, and that the 
angle ia not very far from a right angle. In rough water, or whenever 
the boat has much motion, the angles observed will generally be slightly 
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b rved lies nearest to the observer, 
agle, as in Figs. 5 and 6, Plate IV. 
11 be 80 selected that the observed 



line, or when the m 131 o 

the observer being v h 1 
It is obvious that tl a 
angles will not be v ry mall 

55. It will, perhap a 1 n xperienced to consider the practi- 

cal application of the problem with regard to the common intersection 
of the circles passing through the position of the observer, and of 
which the sides of the great triangle are chords. The intersecting 
circles are shown in the figures already referred to ; the geometrical 
constructions may be found in Jeffera' Nautical Surve3'ing, page 169. 
The intersection of the circles determines the position of the observer ; 
and the circles themselves, and their consequent intersection, depend 
upon the values of the observed angles. While, therefore, the angles 
taken in a small boat, even by careful and experienced surveyors, 
cannot be considered entirely accurate, the stations should be selected 
so as to reduce to a minimum the effect of a small error in the ob- 
servations. In this view, the two circles formed upon those sides of 
the great triangle, as chonls, which subtend the observed angles, should 
intersect nearly at right angles. In cases approaching the indeterminate, 
the centres of the circles fall very near each other, and near the cen- 
tre of the great circle, and the circles are nearly identical. This can 
only occur when the angle aba towards o. Figure 4, Plate IV., is 
less than lt>0", and when the observer is clearly without the triangle. 
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RUNNING LINES OP SOUNDINGS. 

56. The compass is of little use id sounding, as its indications in ,i boat 
are very changeable, even with the improved compasses now sup- 
plieil to the Kavy. Compass lines, run in a tideway, or through the 
varying currents o£ a harbor, are also necessarily irregular from these 
causes. The method by ranges is, however, very simple and reliable, 
and is especially expeditious in running short lines in a harbor, the 
Eoundinga being made at equal intervals of time. The boat being 
pulled at a steady rate upon ihe range, and the whole distance timed, 
the work may be made very accurate, and frequent observations for 
position dispensed with. In harbors where there are not a stifRcient 
number of natural objects, ranges may be put up on shore by the com- 
pass, wliich will ultimately decrease the amount of labor while conduc- 
ing to the accuracy of the results, 

57. The observer fixes the beginning and end of each line, and gives 
the order "heave" to the leadsman at regular intervals of time, 
supposed also to correspond with equal intervals of distance traversed 
by the boat. The frequency of casts, or the length of intervals 
between them, depends upon the slope and irregularities of the 
bottom. It is evident that whenever the water shoals or deepens 
quickly, a small error in the position of the boat will give a large 
error in the depth of water, when plotted upon the chart. Under 
these circumstances, it is absolutely necessary that the soundings 
should be numerous and the positions of the boat continuouily deter- 
mined. With two expert obseivers, the circumstances of this case 
win not delay the work, but when there is but one observer the boat 
must he frequently anchored. In anchoring upon a line of soundings, 
care should be taken to sheer the beat tideward, or to windward, in 
order that the boat may ride upon the line. 

58. Whatever system and degree of accuracy are employed tor the 
general investigation of a harbor, the approaches to all shoals, de- 
tached rocks, and other dangers, must be very carefully determined 
with reference to the points of triangulation. Having determined 
tlie positions of Bucli dangers, aad the soundings over them, with 
extreme care, it is also essential to note the ranges which lead clear 
of them. 

When the existence of isolated rocks has been reported, or is sus- 
pected, sweeping should be resorted to. Dangers of this character, 
steep on all sides, will seldom be revealed by casts of the lead. In 
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trolling for rocks, it ia generally best to use two boata with a light 
line fitted with a chain bight, and to sweep up the elope or steep. 

59. In fixing the position and limits of a rock, detached reef, or 
shoal, a boat maybe anchored, or a buoy placed, upon the highest 
point, and radial lines run to all points of tho horizon. Or severul 
buoys may be placed upon a reef to fix the initial points of sounding 
lines : and if very exact sections of the reef are required, the distance 
of the soundings from the buoys on the radial lines may be obtained 
by the use of a marked line one end of which is secured to the buoy 
used, and the soundings taken with a ballasted pole. "When the bottom 
is muddy, to prevent the pole from sinking into the bottom a disk may 
be placed upon the cud of the pole. 

60. Whenever a number of boats are employed Jn sounding out a 
harbor, it is important that the lines should he distinguished, and the 
general direction of each noted, in order that any sounding on the 
chart may be readily compared with the record. A system of notation 
for this purpose is given in the instructions for the Deck Board which 
is supplied to surveying ships of the Navy. 

The form for recording soundings, furnished to surveying ships, 
ia given under paragraph 61, together with the instructions for keep- 
ing the Boat and Shore book. 

61. In work along the coast the soundings may be obtained by 
running zigzag lines. Observers may be placed upon light-houses or 
temporary tripods, and the angles are taken simultaneously upon signal 
being made from the vessel. Theodolites should be used. The an- 
gles at the vessel may also be measured for use as checks, and the 
times should be recorded by watches frequently compared. This is 
an excellent method where the currents are strong. 
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INSTRUCTIONS FOR KEEPISO BOAT AND SHORE BOOK. 

1. All the boat and shore work, with the exception of the observations 
with the zenith telescope, the declinometer, and the dip circle, and of the 
tidal observations, are to be recorded in the Boat and Shore Book. 

2. A boot furnished to an officer will be used by hint until it is filled. 
The numbers of the volumes, however, will be current, without regard 
to the oflicere using them. 

3. The manner of recording will, in general, be the same as that of 
the decHoard, under the instructions given for it, which are to be 
referred to. 

i. The officer, on leaving the ship for boat or shore work, will set his 
watch liy the face of the deck time-piece, so that both show the identical 
time, and on returning he will compare it with the same, and note in the 
column " Remarks " the time then shown bv both. If there is no differ- 
ence between them he must state this fact 

5. If there be only one observer in the boat, so that simultaneous 
angles cannot be obtained, the boat must, when on soundings, always be 
anchored by a grapnel, and must swing to the tide before the angles be 
taken for position. When not on soundings the boat must be made 
stationary by holding water with the oars while angling: 

6. While angling in sight of the ship or of a shore party, a flag must 
be exhibited conspicuously, in order that angles may be obtained from 
the ship or shore party to the boat. Those parties must keep a lookout 
for such signals. 

7. Angles for position must be obtained whenever the boat changes 
her course, and at every sudden change of the depth of water. The 
lines between angles for position should never exceed one half-mile. 

8. When there is no certainty that the position of the objects angled 
upon is well determined, and the ship is in sight, the subtension o£ her 
mast and an angle between her and one of the shore objects should be 
obtained in addition to the other angles. 

9. The soundings should be at equal intervals at the call " Heave " 
of the recorder. The time, however, must be recorded at each sounding, 
and in addition the time of dropping the anchor or checking the boat, and 
of starting again. 

10. Theodolite angles at shore stations will be read by both (if there are 
four, on the two opposite) verniers ol the horizontal circle, and the alti- 
tudes of peaks (or their depression, if tlie theodolite station is on a higher 
peak), also by both verniers of the vertical circle, the verniers to ba dis- 
tinguished by letters marked on them, the former by A and B, the 
latter by C and D. They are to be recoi-ded as follows, the headings of 
the respective columns being changed (in writing) accordingly : Vernier 
A in the column, " ' " ; Vernier B in the column, "Eight Object." 
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The object sighted in the column, " Left Object " (the word " Left" to 
be stricken out). Vernier C in the column, " Vessel and Mast ; " Ver- 
nier D in the column, " Angle." 

lii order to make sure, in obtaining a greater number of angles, of 
the steady adjustment of the theodolite to the primary object, the latter 
must be resightetl from time to time, and each reading recorded, even if 
it does not differ from the original. The level must also be re-examined, 
especially when altitudes are obtained. For the correction of the latter, 
the elevation of the theodolite station above the level o£ the sea must be 
ascertained, and is to be recorded opposite the round of angles, in the 
column " Remarks," immediately, if ascertained by direct meaanrement 
or estimated, or subsequently, as soon as determined by other means. 

IVith a carefully adjusted theodolite the elements for an astronomical 
bearing may also be obtained correctly enough. The limb observed will 
be recorded by the letters N. L. or F. L. (nearest or furthest), and L. L. 
or U. L. (lower or upper). 

II. After the return of the party to the ship, the olficer in chargewill 
return the book to the navigation officer; the latter will note on each 
page the correction to be applied for shortness or excess of lead line, and 
present it to the commander for examination and approval. 

PLOTTING SOUNDINGS, 

Gi. When the observations for fixing the positions of the sounding.? 
have been taken on shore, the reduced soundings are readily plotted 
bv protracting the angJes observed and marking the intersections. It 
will be necessary to inspect the recorded times to ascertain that the 
angles were observed simultaneously, 

63. If the angles have been taken in the boat, the positions are 
usually plotted by means of an instrument called the station pointer ; 
but the geometrical constructions may be employed to place soundings 
of gieat importance. The station pointer consists of a graduated cir- 
cle to which is attached three arms or radii, the central arm being 
fixed and its edge coincident with the zero of the graduation. The 
other arms are movable and have verniers attached by which their 
edges may be set at desired angles to right and left of the centi'al arm. 
The lateral arms being thus set to the observed angles, the instrument 
is placed on the chart, with the edge of the central arm upon the 
middle station observed, and the edges of the Jatera! arms bisecting 
the marks upon the chart wliich represent the positions of the other two 
objects observed. The centre of the instrument is then at the jioint 
of obsei'vation, which is lightly marked upon the chart through the 
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aperture provided for that purpose. Tracing paper, with a gradu- 
ated circle printed upon it, or tracing linen oa which the angles have 
been ruled, are good substitutes for the station pointer, and are some- 
what more easily used. 

64. Whenever the direction of the line does not vary and the sound- 
ings change gradually and at a uniform rate, the labor of plotting 
may be much decreased. It is then only necessary to plot by the 
station pointer the important soundings of the line and place the 
soundings between such important positions at equal distances. To 
avoid Ihe use of an unnecessary number of souadinga on the chart, 
when thoy are numerous, every second, or third one, may be omitted. 
Soundings tjken at equal intervals are very easily and quickly plotted 
by the use of a set of equidistant parallel lines, drawn on tracing 
paper and separated not more than the leastdistaace by the chart scale 
between any two soundings of a line. 

65, Upon the harbor and bay charts of the United States, the con- 
tour lines, or lines of equal depths, are traeed for every fathom up to 
three fathoms. This is efEected, on the Coast Survey Charts, by 
variations in the shading, which is made lighter for each fathom as 
the depth increases to three fathoms, outside of which there is no 
shading. On the section charts of the coast the contours, generally to 
the depth of one hundred fathoms, are indicated by regularly dotted 

It is a sufBcient test of the completeness of the soundings to ascer- 
tain if these curves can be drawn on the chart for all depths, without 
leaving doubt as fo their directions anywhere. In the smooth water 
of harbors, the depth not exceeding 12 fathoms, the difference between 
soundings at the intersections of lines should not esceedone foot. 

Specimens of contour lines are shown on Plate V. 

66. The following letters and symbols are employed for the United 
States Coast Survey Charts to indicate the character o£ the bottom. 

The materials of the bottom are expressed by capital letters. Thus, 
M stands for mud, S for sand, G for gravel, Sh for shells, P for peb- 
bles, C for clay, St for stones, Gs for grass, &c. Colors or shades are 
indicated by two small letters, as bk for black, yl for yellow, bu for 
blue, dk for dark, gy for grey, It for light, &c. Other qualities of the 
bottom are denoted by three small letters, hrd for hard, aft for soft, 
fne for fine, crs for coarse, stk for sticky, brk for broken, sml for small, 
Irg for large, &c A combination of these abbreviations states at 
once the material, color, and other qualities of the bottom, gy. S. brk. 
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Sh, lor grey sand with, broken shells, yl. C. St. forj'ellow clay and 
stones, fne. dk. S. P. for fine dark sand and pebbles, &c. 

Specimens of symbols used on charts to indicate the position of hanks, 
reefs, &c., and some others, are given on Plate V. 

In the descriptjon of buoys, H. S. stands for horizontal stripes, B for 
black, and E. for red. A buoy with black and red horizontal stripes 
is a danger buoy. In entering a harbor, black buoys are left on the 
port hand and red buoys on the starboard hand. A buoy with black 
and white perpendicular stripes is a channel buoy. 

KKDUCTION OF SOUNDINGS. 

67. As the soundings are taken at all stages of the tide, the times 
must be referred to that of the tidal observer. The reduction then 
consists in subtracting from the recorded soundings the number of feet 
the surface of the water lies above the selected plane of reference, as 
shown by the tide guage. For this purpose the height of the tide 
should be observed at stated intervals throughout the progress of the 
sounding work. It is important to notice that to obtain the proper 
corrections, reference must be made to a tide guage in the immediate 
vicinity of the area to be sounded, so tliat the guage and soundings 
will he affected by the same form of tide. The character of the tide 
in the interior of a harbor will generally be different from that of tbe 
tide which visits the entrance ; and this will be particularly marked 
where the channel is tortuous, or its natural contractions and expan- 
sions influence the drift of the tidal current. The luni-tidal interval 
and the range of the tide, under these circumstances, will generally be 
altered in its progress to the second station. A single guage may be 
used, however, to reduce the souudings made over a large area, through- 
out which the depth of water is good, and the obstructions to the pro- 
gress of the tide wave are not numerous or very abrupt. Under these 
circumstances, the soundings obtained at a distance from the tide guage 
may be corrected by first determining the difference in the time of 
tide at the two places, by Airy's rule : The rate at which the tide 
travels is equal to the velocity acquired hy a body faUtng through space 
from a height equal to hcdf the depth of water. The time of the tide 
must be reduced to that of the same tide at the guage, and the guage 
may then be used to reduce tbe soundings obtained at the distant sta- 
tion. Airy's rule may also be used to determine the distance for 
which the difference in tide time may be rejected, and the observed 
soundings referred at once to the tide guage. 
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68. "Where the area to be surveyed is of large extent, it is usual to 
establish sevei'al tidal stations. If the sotindings are to be included 
upon the same chart of the harbor, the soundings should all bo 
reduced to the same plane, by connecting the guages and their 
benches. This may be done by levels, when the ground is not un- 
favorable. The following rules for connecting tidal stations are 
enjoined in the XT. S. Coast Survey instructions. 

Where there is no considerable river-outflow, make obaerrations upon 
the two guages to be referred, every fifteen minutes, from one low water 
to the next following (for the same tides) ; the average in each case will 
be mean leee!, and the difference between the rewUnga of mean level on the 
two g-inges w the difference in the eleBotton of their zeros. 

The above rule will not apply where there is considerable river out- 
flow ; but the following rule holds good wherever the outflow of river- 
water does not wholly reverse the flood-current. 

Set up graduated staves at such distances apart that the slacks of the 
tidal currents shall extend from one to another. By simultaueous obser- 
vations ascertain the difference in the readings of these guages at the 
slack between ebb and flood curi-enta, and again the difference at the 
slack between flood and ebb ; the difference in the elevations of the zeros of 
the gattf/es is egaal to one-ha'f the sum of the differences of their readings at the 
two slnct waters. (Appendix No. 11 of the Annual Report of the Coast 
Survey for 1870.) 

It will be seen that this latter rule includes all the cases of the 
fonner likely to occur in any single season's work ; and since its appli- 
cation involves leas time and labor, it may be properly used, whether 
there is any river slope to be eliminated or not. This same rule will be 
founil applicable to the case where guages inside and outside of inlets 
are to be eoiineeted, and where those above and below obstructions are 
to be referi'ed to each other. 
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CHAPTER VII. 



TIDAL OBSERTATIOSS — CURRENT OBSKRVATIOXS — REDUCTIOX OF 
CURRRNT OBSEKVATIONS— SAILING DIRECTIONS — TIDE fiUAGES 
— BENCH MARK. 

TIDAL OBSERVATIONS. 

69. The soundings upon a chart indicate the depths with I'efer- 
ence to a selected plane, generally that oE mean low water. Tidal 
observations are, therefore, necessary in connection with a nautical 
survey, 1 1 fix the plane ot reference and to obtain the data for i-educ- 
ing the f^oundings to this plane. The observations consist in measuring 
by a tide gauge at stated times the heights of the water almve a fixed 
zero of tlie gauge. The same observations, when continued through- 
out a suificient interval of time, fiirnisb the data for the construction 
of a tide-table, a necessary accompaniment of the completed chart. 
In order to determine with considerable correctness the elements of 
the tide, from which the tide-table is computed and the positioLi of the 
plane of reference calculated, tlie oliservationa must be carried through- 
out a lunar month, the local tune and the height of wal«r being 
recorded with especial care at the times of high and low water. Tlie 
results are but approximations, more or less reliable according to the 
circumstances of weather during the period of observation. Winds 
and fresheta may temporarily obliterate the usual features of the tide; 
and in many places long-continued observations are requisite for even 
a tolerable knowledge of the tidal elements. 

For the purpose of reducing soundings, (he tide gauge must lie 
not«d fretjueatly whenever the soundings are being made. 
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70. The following is the form of tide-table usually 
the Coast, Survey Charts : 

Corrected Establishment at . , . O^XXXII" 

Kise of Highest Tide observed above the plane of reference . 2.6 Ft, 
Fail of Lowest Tide do. below do. do. . . 1.8 " 

Fall of Mean Low Water of Spring Tides below the piane of 

reference 0.2 " 

Height of Mean Low Water of Neap Tides above the plane 

of reference 0,4 " 

Jlean Rise and Fall of Tides 1.4 « 

Mean do. of Spring Tides 1.9 " 

Mean do. of Neap Tides 0.7 " 

Mean Duration of Rise I Reckoning from the middle of one . 5'' 59™ 
Mean do, of Fall j stand to the middle of the next ..619 

Mean do. of Stand 35 

71. The Coast Survey forms for the observation and reduction 
of tides are annexed. 
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' OBSEETATIONB- 



72. An accurate knowledge of the velocities and directions of the 
currents which sweep about the coasts and harliora is of great import- 
ance to the navigator ; the want of that knowledge is the cause of 
frequent disasters, mvohmg loss of property and life. The iiiterests 
of commerce are influenced by the changes in the entrances of har- 
bors, which are produced prmcipallj by tidal currents. The navigator 
is, however, more mimediately interested in the former subject, and 
the determination by observ itions ot tlie set and drift of tidal curreiita 
al all stages of the flood and ebb during the several quarters of the 
lunar month. 

73. Tidal currents are local in extent, being affected both in direc- 
tion and velocity by the existence of obstructions, cither temporary 
or permanent, and by tlie configuration of the bottom, in the im- 
mediate vicinity. It is, therefore, necessary to establish current 
stations in proximity to the d ^ P d wh ' y 
be desirable to determine the d dr d to d 
difficulties of the navigation. Th !i 

approaches to harbors are of th fl 

74. The oliservations are ^ mp d b ded 
beyond a day in calm weath wh d h 
mean values, being more reli h h h 
semi-lunation of variable weatl £ 

slack water and may end, afte w h 

commencement of the flood or ebb. The vessel should be anchored 
in the channel and her position fixed when riding to the flood and to 
the ebb. The velocity of the current, should then be found every 
hai 1 o wl le t s strong d mo e frequently as t fa Is using a 
log 1 ne n a ke I to si o V the d ft n na t ! m les and ten 1 s The 
set of 1 e cu re t IS obt^ e 1 1 y 9e\ ant tak ^ he angle from the 
log ch p to 1 t on o shore a 1 as d stant as po 1 le If no well- 
determ ned s ^nal s n s ^1 1, he d e t on of tl e cu ent may be 
determ ned I y co npi c. refullj re ord ng the dev o The 

magnet c course of he current s wanted The local mea t me o£ 
each o! servat on an 1 1 art cula !y at the he^, n ng i d end of tl e Silack, 
the d rect on a d force of tl e w n 1 and he dej th of wa er at every 
slack, should be recorded. The Coast Survey forms for current ob- 
servations are given herewith. 
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75. Jn oriJer to reduce tho current oliservations of a single day to 
tlie mciiii viilue, tlie tiilu-jfiiuife must be recoitled tlirouijh not less 
tlian u semi-lunation, inciuiliii;;! tlie day of current recoi'ds. 

The curreM intervals luiil tlie duration oi a current are estimated 
from tlie mitJtlle time of shick water, and the interval from the transit 
of the moon to the time of tiiriiiiig may thus lie determined. Fi-om 
extended observations it lias hoen found that the time of maximum 
velocity cori-esponds to the middle time of the current. The time of 
maximum velocity for a sinjjie elib or flood may be foiinil from the 
observed times and velocities, either by interpolation, or, more closely, 
l)y plotting the curve of velocities ujioii a diagram, using the current 
intervals throughout the dui-.ition of the current and the velocities as 
co-ordiiiiites, and the luanr inlerral of the ol)serve<1 maximUTn current 
then becomes known. The middle time of the rise of the tide is 
eiranltaneoiisly observed, and its lunar interval is found ; and the 
lunar interval of the middle time of the tide Is computed from a long 
series of observations by taking the half sum of the mean intervals of 
high and low tides : the difference between these intervals is a cor- 
rection to be applied to the. lunar interval of the observed maximum 
current to find the mean lunar interval of maximnm velocity- 
Using the tidal observations for comparison, the drift for spring 
tiiles, or for neaps, may be computed from a short series of current 
observations, by the following rule, which gives a close appmximtt- 
tion to correct results ; the, vehcilies of the currents for correxpfiwUng 
hmirs of different tides are to each other as the rates of rise or fill at 
those hovrs. 

7Ci. The current table, if intended to accornfiany a chart or sketch 
of a harbor, should he o£ t!ie ainiexed form : 
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77, The annexed table of tidal currents is taken from one of the 
Coast Sui'vey Charts : 
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Tlie cliatiges in the set and drift of tidal currents under tiie 
influence of strong winds, and especinlly of tiiose winds wlii(-li pre- 
vail at certmn seasons, shonld be observed ; and when tlie results are 
important, full descriptions of the changes should be entered, as 
remarks, upon the chart, 

SAILING DIRECTIONS. 

78. In connection with the views now usually placed upon charts, 
sailing directions are of great use to the navigator, particularly in 
approaching unfamiliar coasts. Such remai'ks upon the chart are 
intended to bring prominently to notice the dangei-s of the coast, or 
harlwr entrance, and tlie means of avoiding them. The courses which 
lead to the anchorages are given, generally from the magnetic meridian, 
with hearings of the prominent points and ranges, and descriptions of 
day marks and night ranges. Subsequent to the survey of « harhor 
these remarks should be carefully prepared, both for entering and 
leaving the harbor. No specific rules can be laid down here as guides 
in this work ; and the student is referred for infonaalion as to 
the particulars of the sailing directions to the Coaat Survey Charts. 

TIDE GAUGES. 

79. For harbors and localities which are sheltered fi-om the swell 
of the sea, the most reliable gauge is a staff gratluated upwai-ds in 
feet and tenths, wliich is secured in a vertical position witli its zero 
below the level of the lowest tide. The zero of the staff is connected 
with t!ie bench-mark, or permanent mark of reference, by lovellings. 
If a levelling instrument is not at hand, the reference may be eSected 
by measuring the difference of height of a number of intermediate 
points by means of a long straightedged board, made horizontal by 
the aid of a carpenter's spirit-level, or a plummet square. The differ- 
ences of height should he determined in both positions of tlie level. 
A line of sight from the hench-mark across the tide-staff to the sea- 
horizon, is an excellent level line. 

80. Where the surface of the water Is disturbed by ripples, or when 
nice observations are required, a glass tube of about a half-inch in 
diameter with a float inside is secured to the face of the staff. The 
jower end of the tube should be partially closed by a cork with a hole 
through it, and the tube should extend at all times several feet below 
the surface of the water, so that the umluUtlons will be excluded. 
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The empty bulb of a thei-inomcter witli a portion of the stem 
attiichetl to give it weight, miikes a good float. A red glasa bubble, 
or 11 little colored oil, may be used. 

81. In places wei-e the swell of the sea is considerable, or when 
it is inconvenient at times for the observer to see the figures on the 
staff by reason of the great range of the tide, the box gauge is employed. 
It cOMiiists of a box, closed at the bottom, containing a graduated staff 
or rod attached to a tin or copper float which is moved up and down 
by the tide. The water is admitted through gimlet-holes on the sides 
and near the bottom. The staff of a box gauge is graduated down- 
ward, and the observer notes the figures on the st.nff as they pass the 
top, or a convenient opening in the side of the box, technically called 
the reading point. Besides the reference of the reading point to the 
beii::h mark by a line of levels, it is necessary to reconl the distance 
from ihe zero of the BtafE, or some other stated division, to the water 
line of tlie float, in order that the elevation of the bench above the 
surface of the sea may be computed for the readings of the gange ; 
and as the water line of the float may change with the saturation of 
the staff, or other cause of alteration in weight, this distance should be 
occasionally me.isured and recorded. 

Jf the holes at the foot of the gauge are too small, or become 
partially closed by weeds, the ingress and egress of the water will 
not I;e free, and the observations become erroneous. On the other 
hand, if the holes are large, the undulations of the sea will affect the 
float aiid staff. The effect of inadequate water holes is to incruase 
the intervals, reduce the ranges, and alter the magnitudes of all the 
ittegu lilies of the recorded tide. 

8^. To the box gauge is sometimes itttached a self-registering ap- 
paratus, BO ftiTanged that the rising or tailing float carries a pencil 
with whieli it describes a curve upon paper wrapped about a cylinder 
revolving by clock work. The Saxton self-registering tide gauge is 
described in the Coast Survey Eeport of 1853. In this gauge tie 
motion of the pencil is horizontal, and the paper unrolls from one 
cylinder and rolls up on another, the receiving cylinder being re- 
volved twice in a day, and a mark being pricked upon the paper at 
each half houi'. The curves on the paper are reducedto figures by the 
use of scales; and in oi-der to determine the absolute heights repre- 
sentol by the curves it is necessary to refer to a staff gauge in the 
immediate vicinity. The staff observations should he frequently 
made on quiet days, at even hours, and about the time of stand. 
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The recoi-ding pencil slioiiH be drawn back am] a vertical mark made 
on che paper, over which should be written tho true time and the 
height by staff. These observations connect the curves on the paper 
with the bench mark, and furnish a check upon the clock and gauge, 

?S. Hunt's Off-shore Tide and Sounding Meter is an instrument by 
which the heights of water are determined, barometrically, by the 
pressure of the sea upon an elastic air bag Ij'ing upon the bottom. 
This instrument is described in the Coast Survey Report for 1857. 



84. The reduced soundings upon a chart detail the depths of water 
above some selected plane of reference, which is that of mean low 
water upon the Coast Survey Charts. The observations of high and 
low waters throuffhout a lunar month determine the vertical distance 
of the plane of reference from the zero of the tide gauge employed. 
But as the gauge is liable to injury and decay, and in view of the 
probability of a subsequent survey of the same locality, it is further 
necessary to fix the level of the plane of reference with regard to the 
position of a permanent bench. Tliis is effected by running a line of 
levels from tho zero of th d the beitch-mark. Upon a 

re-survey, the plane of ref f 1 mdinga may be recovered 

from the position o£ the be b k and a comparison of the surveys 
established. Tliis is frequ 1 f importance in ti'acing the 

history of a harbor, partici I ly n 1 f mation and disappearance 
of shoals, with a view to th mp m of the tidal basin. 

Any object near the shore which is of a permanent character, or 
is not likely to be removed, may be used as a bench. 

The bench should be marked by a circle with cross lines at the 
centre to indicate the exact position of the reference point. The 
location of the bench should be carefully described in the tidal record, 
and a note made of its elevation above the plane of reference. 
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CHAPTER VIII. 

TIDES — DEFINITIONS — ORIGIN AND TELOCITT OP TIDE WAVES 

POESra OF TIDES. 

85. Tides. — The surface of the ocean rises and falls twice in a lunar 
day, ahouc 24 h. 50 m. o£ mean solar time. The explanation of this ph&. 
nomenon depends on the law of universal gravitation. Tlie tides are 
due to the difference of the attractions of the moon upon the eartli and 
on the waters of the ocean, and to a similar inequality in the attractions 
eserted by the sun. To an observer on tlie coast, the tides appear as 
alternate depressions and elevations of the sea, and also as hoi'izontal 
movements of the water, alternately ebbing and flowing ; anrl the term 
tide is ordinarily employed to desigoato both phases of the phenome- 

The word tide signifies, in hidrogrjphv, only the vertical move- 
ment of the sea, and the words nse and fall are used with reference 
only to the same movement. The horizontal motion of the water is 
caMeA the tidal current, and the \iord-i flood md ebb indicate the gene- 
ral direction of the tidal current. The word let apphes to the com- 
pass direction and (fn/? to the rate or velocity of the tidal current. Aland 
is that interval of time, at high or low water, during which no vertical 
motion of the water can be observed. Slack designates the interval of 
time during which no horizontal motion is perceptible. Sange is the 
difference in the height of the tide from high water to low water ; and 
the term is equivalent to the expression mean rise and Jail. 

The length of the tide is the distance measured on the surface of 
the ocean from one low water to the next. 
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86. The tide wave must be regjirded as tl re u] of the con I ned 
action of the sun and moon, though each of the e boil es n j 1 e up- 
posed to raise an iiuduiation, or wave. But ce 1 e fl ence of the 
moon in creating tides is known to he 2^ tb es tl t of tl e s n he 
tide may be considered as tlie lunar Wiive. mol fiel or xa^ge ted by 
tlie influence of tlie sun," according to tlie relat ve positio of tl e two 
bodies in longitude. 

87. Soon after the sun and moon are either conj n on or op 
position, tlie highest tides of the lunar mouth will occur. These are 
calleil Spring Tides. Tjnusually higli tides will occur when the earth 
and moon ai-e in the position of their respective orbits, at the time of 
new 01- full moon, in which the attractions of the sun and moon are 
greatest upon the waters of the eai'th. This may occur when the 
moon is in perigee, and new or full, about the 1st of January. See 
Piraffraph 16 

'^8 A third astronomic il condition affectuig the height of the tide 
will presently be stated depending upon the declinations of the 
bodies and the latitude of the place 

80 Neap Tides ue the fm illct of the lun-tr month, occurring 
shoitlf ittei the moon is in qiiadi ttuie At that period the attrac- 
tions of the sun and moon upon the waters act in opposition and the 
solkr « ive tends to couiiterict the lunar The range of the tide, 
thcrcfoie, gradually decreases as tlie moon passes from conjunction or 
opposition to ([Uidrituie andincreises upon leaving the position m 
qiuhitjre See Pu igr-iph 96 The latio of the spring tide to the 
nekp tide is about that of 5 to 2 

Vei y sm ill tides will take pi tee ibout the time of the earth s peri- 
helion pis age if the moon is m apogee and also m cjuidrjture the 
influeuL* of the sun in creiting tiles bemj; then at its greatest, while 
tht moon h is its least possible effect. 

90 During the first and third quarters of the lunai month, the 
solir ivuelies to the west of the luiiir one, and the combinel iindu- 
litioii or tide naie, will be to the west of that which would he due 
to the moon done and this causes apnminff or acceleration, of the 
time of high water. 

In the second and fourth quarters the solar influence acts in retard- 
ation of the lunar wave, and a lagging of the ti<les takes place. 

91. Theintervalof time which elapses fromtheinstant of the moon's 
transit over the meridian of a place to that of high water at the same 
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meridian is called the luni-tidal interval. The variations in thisjater- 
va!, from day to day, are due to priming and lagging. 

92. There is a daily retardation in the time of high water, following 
the retardation of the moon. The two daily tides at any place are 
not, however, always equal in height, owing to the inclination of the 
plane of the mooa's orbit to the plane of the earth's equator and to the 
diurnal rotation of the earth. When the declination of the moon is 
zero, the two daily tides at any place will be equal in height, and the 
tide wave ix highest at the equator and lowest at the poles. When 
the moon is not in the plane of the equator, the highest point of the 
tide wave, and the greatest daily inequality, will occur at places whose 
latitude, either north or south, is equal to the moon's declination ; and 
the two daily tides at any place, except upon the equator or at the 
poles, are unequal. If the declination of the moon is of the same name 
as the latitude of the place, the greater of the daily tides occurs nest 
after the upper transit of the moon ; but if the latitude and declination 
have contrary names, the higher tide of the day follows the lower 
culmination of the moon. The position of the sun in declination and 
the rotation of the earth being considered, results may be stated which 
are entirely similar to those described above. The difference in the 
daily tides at a place, due to these causes, is known as the diurnal in- 
equality. 

93. The mean of the values of the luni-tidal intervals at any place 
on the days of full and new moon is called the common eslaUishment cf 
a port. Thecorrec(e(^e»toWi*AireeBiisthemeanof all the luni-tidal inter- 
vals in a lunar month. 

94. The time of the moon's transit advances from h on the day of 
new moon to 12 h at the full. And if we observe the changes in the 
length of the luni-tidal intervals from conjunction to opposition, or 
vice versa, and the changes in the range of the tide during the same 
period, it will appear that the variations depend closely upon the hours' 
of the moon's transit, the same form of tide wave occurring at equal 
intervals from the times of conjunction and opposition. This alterit- 
tion in the figure of the tide during the semi-lunar month is known as 
the half-monthly inequality. 

25. Were the whole earth covered with water of uniform depth;, 
the tide wave, which results from the attractions of the sun and moon,, 
would accompany the moon in its apparent diurnal motion, sometimes- 
preceding and sometimes following by small intervals the passage of 
the moon over any meridian, the mean angular velocities of the wava^ 
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and moon being equal. The tide wave, under such circumstances, 
would be a simple undulation, witjiout progressive motion of the waters. 
The irregularities o£ the bed oE the ocean, the interposition of conti- 
nents, and the action of winds, are primary causes of the great varia- 
tions in the velocity and direction of the tide wave and of the manifold 
forms of tidal currents. The actual phenomena observed are extremely 
complicated, differing widely from theoretical conclusions ; the explana- 
tion of which, and of their laws of dependence, requires long periods 
ot careful observation and a discussion of the physical sciences. It 
is necessary only to state here some of the results obtained. 

96. An examination of the half-monthly inequalities, diviwn from 
tide records, discloses the fact that the mean luni-tldal interval and the 
highest tides do not take place till a day or two after the times of full 
and change ; and, further, this retard of the tide changes with the 
locality. It is evident, therefore, that the passage of the moon over 
a meridian is not generally the cause of the succeeding high water. 
The retard, or age of ike fide, at any place, is the interval of time 
from the formation of the tide wave in mid-ocean till its arrival, or 
culmination, at that place. 

97. If lines are drawn upon a map connecting all those places at 
which high water occurs at the same instant of absolute time, such 
curves are known as cotidal lines. Usnally upon these maps, numerals 
■are placed over tlie cotidal lines, which indicate the hoars of Greenwich 
time on the days of full and change at which high water occurs on 
the different lines. An inspection of such a map will show that the 
great ocean tide wave originates in the Pacific, west of the South 
American coast. Thence, travelling to the northwest, it reaches the 
«oast of Eamtsehatka in about ten hours. The same wave, travelling 
with less velocity through the more shallow water of the South Pacific, 
passes New Zealand in about twelve hours, traverses the Indian Ocean 
to the Cape o£ Good Hope, turns into the Atlantic, and finally reaches 
the coast of the United States in about forty hours from its formation. 
Another branch of the tide wave is propagated towards Cape Horn, 
and turns eastward into the Atlantic. 

98. The velocity of the tide wave appears to be determined mainly 
by the depth of the water through which it is propagated. The range 
depends more upon the variations in width than in depth, and upon 
the peculiarities in the configuration of the coast. Referring to Airy'a 
rule, already stated in Chapter VI, Paragraph 67, the velocity of the 
tide wave for difierent depths of the oc«an is as follows : 
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Deplh of ■Water. Velocity ol 






99. The form of ti<te at any place may be graphicaHy represented 
upon a diagram, hy plotting with the hours of the day as abscisses and 
the heights of the tide as ordinatea ; and the tides of different localities 
may be thus elassified. Three principal forms of tides are now rec- 
ognized, with reference to their figure and causes of origin. 

Along the eastern coast of the United States the semi-diurnal 
wave prevails, giving two high and two low waters in a day. It ia 
supposed that the great tide wave from the South Atlantic arrives on 
our coast twelve hours after the arrival of the direct wave which 
crosses the Atlantic from east to west, the higher tide of the former 
coinciding with the lower high water of the latter, thus eliminating 
the diurnal inequality. 

In the Gulf of Mexico the semi-diurnal tides are very small, 
being nearly destroyed by the interference of the tide wave which 
passes through the Straits of Florida with that which reaches the 
Gulf through the Yucatan Channel. The tides are there of tha 
diurnal form, one of the daily tides being nearly inappreciable, and 
there being but one high and one low water in a day. Tides of iha 
diurnal type have but a small range, which nearly disappears whea 
the moon is on the equator. 

The compound form of tide is observed on the Pacific coast of the 
United States, where two daily tides usually occur, which are very 
unequal, except when the declination of the moon is zero. At Port 
Townsend, near Vancouver's Island, when the moon's declination is 
greatest, this inequality reaches a maximum, one of the daily tides 
being obliterated. There is, at such times, no descent corresponding 
to one ebb, but only a check in tlie rise of the tide. 

100. On the east coast of Scotland there is an appearance of higb, 
water four times a day, due to the superposition of two tidal waves, one 
passing through the English Channel.and the other travelling around 
the north of Scotland and turning southward into the North Sea. 
Many other tidal phenomena have been observed, but it is designed 
here to refer only to (he more simple ones. The tides of rivers are 
exceedingly complex, and are not well understood. The whole suV 
ject is one for |>atient ai.d extended investigation, for which the data- 
must be obtained by careful and long continued tidal observations. 
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CHAPTER IX. 
PRACTICAL HINTS. 



101. Care in the preparation and preservation of data. "Without 
the DOte books are sufficiently full, and capable of being plotted in 
detail by any intelligent surveyor, the work is o£ no value. The 
topography made is the only thing that can be excepted. 

102. However well a surveyor may understand the theory, the 
practice or execution is ever varying. The purpose of every survey 
must determine its minnteness, and in general its method of execution. 
If it is intended as a preliminary to some improvement, the greatest 
exactness, and a large scale for plotting is retjuisite ; it only for safe 
navigation, the character of the bottom and the dangers to he guarded 
against must be sufficiently shown by ranges, if possible, or by defin- 
ing the position for necessary buoys by soundings, or by the charac- 
ter of the bottom, and all of these elements will usually enter into 
the survey of an ordinary harbor. 

103. Should a survey for iraprovements be required, the careful 
measurement of a base line in its immediate vicinity is essential ; and 
it possible, in such a manner as to mark distances apart upon which 
range lines are to be run, and a parallelogram, formed with the range 
points established, marked by stakes numbered or lettered, to ensure 
persons bearing portable ranges to take up the designated positions 
when the soundings are made ; the observer in the boat taking as 
many horizontal angles when sounding, as is found necessary to fix in 
position property, the depth and the character of the bottom. Some- 
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times it will be found advantageous, in advait e of befnti ng to sound, 
to have the men bearing the portable r-uigea to t. ke uj the r posi- 
tions consecutivoly, on the proposed lines and to pi e on the shore 
line small flags of different colors to be tal»e up a. the wo k pro- 
gresses to avoid confusion. 

104. A special study of every bar or harbor m advance is neces- 
sary, based upon the l>eat chart or information known, the object being 
to define most, and with accuracy, with the fewest soundings and the 
least work ; range lines on trigonometrical or other established poinU 
should be run, and for this purpose points should be established ; 
tliese range lines should have a horizontal angle taken over the lea^ 
at every other cast and should be plotted in ink of a different color 
from common soundings. 

J 05. Well-defined natural ranges on trigonometrical points should be 

ch r ecf t h st fill in the work. If the range is kept 

d d the line determined by two horizontal 

b U upon the boat from a shore station, this 

w k be d d Imost the same value as the former. 

r d he effects of winds and tides all lines 

d be if po b natural ranges, even when neitlier point 

d m d trigonometrically. In " filling in " by 

h p p m s necessary to mark closely where the 

w k d to ke a tracing of the chart as a guide, i£ it 

)e d bo T travejse made Js usually from 15 to 20 

d dwbmdme satisfactory by laying off with a sextant 

h ore changing the line ; by varying this 

d n range can usually be secured, whether 

u n ff h h first on a back range, the second direct. 

I h mp the work, if possible, range lines should 

b p m u objects, so as to define, as nearly as can 

b d h m h hinnels, and tliese lines should form the 

b d wh ch should be written at the time of com- 

pleting the survey, and the vessel run by them and her track jilotted. 
108. The character as well as the depth should be called at every 
sounding ; an examination of charts in general will show that soft 
bottom wilt be found in mid-channel ; that upon one side it will shoal 
gradually in mud, and upon the other side hard bottom will usually 
indicate the channel limit, be/ore shocding even, and that it shoals 
rapidly to a shore, spit, or bank. 

100, Avery useful movable base may be established on board every 
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vessel to determine distances within two or three miles with consider- 
ab!e accuracy by carefully measuring the longest line of sight obtain- 
able on deck, and putting in a clump of copper tadks to mark the ends 
diBtinotly and permanently, and calculating a table in advance, corres- 
ponding to the base in length and the forward angle. The after 
angle will he made 90 degrees by means of the helm, between the 
object and the observer forward ; his angle heing between the object 
determined upon and the observer aft, taken at the precise time in- 
dicated by the observer aft. 

110. No survey showing an approach from the sea to the land 
that has not the neighboring highlands and peaks located and tha 
beight approximately marked on them, is complete. An, appro ximata 
height is so readily determined that there is no excuse for its omission. 
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CHAPTER X. 
PROJECTION BY DEVELOPMENT. 

PROJECTIONS — DEFINITIONS mOJECTIOS BT DEVELOPMENT — 

FLAMoTEED'S AND BONNe'S PEOJECTIONS — ORDINARY POLTCONIC 
OF U. S. COAST SUttVEir — EQUATIONS OF A MERIDIAN — COMPARISON 

OPTIIE PROJECTIONS OP CURVES WITH THE CURTES ON SPIIEKOID 

SAME A3 TO ANGLES — PROJECTION OF THE SHORTEST DISTANCK 
BETWEEN TWO POINTS. 

Ill Suppose a poi gon to b ' 'hed ' tl 11' t'calm 'd' 

B bo 

P d 
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flamstebd'8 projection. 

112, As instances o£ two charts where the spheroidal area is repre- 
sented by an equal chart area we instance Flarasteed's and Donne's 
projections. See fig. 1, Plate VI for Flamsteed's. 

Here a straight line, N S, is talten equal to the rectified arc of the 

meridian, between the latitude, L and L' (in this case equals — ) This 

line represents the principal or middle meridian ; as the conical 
elements are developed equally to the right and left of N S, and are 
perpendicular to it. 

The conical elements here become rectangular elements ; the 
circles of latitude being developed as parallel straight lines, perpendic- 
ular to the mid'Ile meridian. 

The parallels are developed with their proper lengths ; therefore, to 
trace the meridians differing K n° (K being any number), in longitude 
from the middle meridian ; divide the parallel whose length on the 

sphere = 2 n x a cos / (a being radius ) into parts, one of these 

distances, measured in its proper latitude on chart perpendicular to 
N S, will give the intersection of the first meridian with such parallel. 
Any multiple of this distance will, in like manner, give the position of 
a point on the meridian K n° from the middle meridian ; by laying 
off points on the difEerent parallels we may trace the meridians throngh 
them. These meridians will be curves, Evidently if we take S for 
the origin, S N and S E axes of x and y, respectively, we shall have 
for the position of any point, whose longitude from N S is n" and 
whcse difference of latitude from S is / 



which are the equations of a meridian when n is constant. 
bonne's projection, 

113, In Bonne's projection{seefig. 2, Plate VI) the conical elements 
are disposed of in concentric ares of circle. The common centre of 
these arcs lies in the middle meridian ; produced towards the pole 
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and at a distance from the parallel of the middle latitude equal to 
a X cot. latitude. NS, as before, is the rectified arc of the meridian, 
betweeu L & L', in this case 0° and 90°. The parallel of 45° is 
described with radius a cot. 45°, and the other parallels are descritted 
from the same centre with radii equal to a cot, 45°i reclified arc of 
meridian between latitude 45° and that of t!ie required parallel. The 
otjier meridians are traced by obtaining points in. the same way as 
for Flamsteed's projection, 

Flamsteed's projection is only a particular case of Bonne's, where 
tlie middle latitude is 0*. 

In Bonne's projection the meridians will be curves. The middle 
meridian and all the parellels cut each otlier at right angles and are 
projected with their true lengths. The middle paraUel cuts all the 
meridians at riglit angles. The other parallels and meridians do not 
cut at right angles. In short, the projection is orthogonal along the 
middle meridian and parallel. 

Bonne's projection is best adapted to represent a narrow zone, as 
the meridians will cut the middle parallel at right angles. 

Where there is considerable difference in latitude and a moderate 
difference only of longitude to be projected, it is best to make use o£ 
tlie ordinary polyconic, as the commendable characteristics of this 
projection are independent of cliange in latitude, in which respect it 
differs from Bonne's projection. 

ORDINARY rOLTCONIC- 

114. In the ordinary polyconic (see fig. 3, Plate VI.), as used by the 
U. S. Coast Survey, a middle meridian is taken as for the preceding 
cases. The conical elements are disposed in area of circles described 
with radii equal to a X cotangent of the latitude. The centres of these 
arcs lie in the middle meridian produced, each arc cutting the middle 
meridian at its proper latitude. 

It will be seen that these elements touch each other only at the 
middle meridian, since they are described from difierent centres, they 
therefore diverge from each other as they leave it, and consequently 
equality of areas is not preserved. The parallels are projected ia 
their true lengths as before and the meridians are traced iu the same 

ELLIPTIC ITT OF EARTD, 

115. To allow for the elliptidty of the earth (see fig. i, Plate VI) 
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we must use for the radius of tlie developed parallel N cot I, where 

or is the normal terminating in the minor axis and I is the angle it 
makes with the major axis. The rectified middle meridian will also 
be Oifferent in this case, as eqnat meridional distances do not corres- 
pond tfl equal differences of latitude on the ellipse. N cot I ^ r u 
evidently the slant height of the tangent cone. 

LENGTH OF DEVELOPED FARALLEL. 

The parallels on the spheroid have ratlii equal to N cos I and the 
length of any a 



116. In making projec n t of ou 
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' PARALLELS AMD MERIDIANS. 

117. In practice, it wiU be found inconvenient to describe the 
area of the parallels with^radii. 

They can better be drawn by constructing them from their equa- 
tions which are those of circles. We can thus not only construct the 
parallels, but can determine the points in which the meridians intersect 
them and then trace the meridians. 
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It will be found more convenient to have x and y, the rectangular 
co-ordinates of a point, expressed as functions of the radius of the 
parallel and the angle the radius makes with the middle meridian. 

Plate Vr, fig. 5. Let be this angle. Then taking the origin at L, 
at the point of intersection of any parallel with the middle meridian, 
taking the middle meridian as axis of y and the perpend icuiar throngh 
L, as the axis of x, we shall liave for any point P, whose latitude is 
L, and longtitude from the middle meridian »". 

a; = Y P sin f* = N cot i sin 6* (1) 

y = Y P versiu ^ = N cot / versin 9 (2) 

where 8 is some function of n evidently. 

To determine the relation ot n and 6, it is only necessary to re- 
member that the parallels are projected with their true lengths ; in 
other words, the distance LP, equals the distance between the points 
L and P on the spheroid, measured on the arc of the parallel passing 
through L and P. 

Therefore, the angles at the centres of the two ares will be in in- 
verse proportion to the radii or 

N cot / X e »- N cos ; >; m" 

e^n" sin I (.3) 

These three equations are sufficient to project any point of the 
spheroid, given by its latitude and longitude from the middle meri- 
dian. 

Hy taking n constant, we can find successive points in the projec- 
tion of any meridian, 

GENERAL EQUATIONS OP A MERIDIAN. 

118. Taking the origin at L, the general equations of a meridian 



will be 




a: — N cot i sm » 


(4) 


y = i S + N cot ; versin 9 


(5) 


e=nsial 


(6) 


where + S ia the distance, towards the pole, i 


m the middle 
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meridian from the origin to the point where the paralle!, of the point 
to be projected, cuts the middle meridian. It is tlierefore equal to the 
arc of the- elliptical meridian between the latitudes of origin and 



ANGLES MADE BY MERIDIANS WITH MIDDLE MERIDIAN. 

1 19. Let If be the angle llie meridian makes with the middle meridian 

then tan p =c — 
dy 

rfa; = cot / sin e (? N + N cot ; cos e rf e - N sin 9 cosec' I dl 
%=(7s+N cot / sin e rf ^ - N versin eosec^ / rfi+cot I versin 8 dS 

dlS=^d "■_ a^(\-^s m U)smUoil 
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Km+N « cot I sin e cos / - N versin 6 cosec= I + ^ 
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9 cos' ^ + n cot ; cos e cos i - sin 8 cosec^ / 



U. 



i+ n cot ? sin e cos / - cosec" I versin +-^^ versin cos'' / 
I£ e =■ 0, N = E™ = a 
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.-. tan ^ = ^■',^15^ -Jil* . (8) 

8 cos' / sin y - versin tf + sin' i ^ ' 

gives the angle the merulian makes with the middle meridian on the 
polycottic projection of the spliere. Taking the case whei-e / = 
45" and t* = 3° which gives ii = 4.°2426 

For the spheroid f = 177°0l>04."9 + 
For the sphere f = 177''00'04."9 + 

wliich values agreeing to the tenth of a second may be considered 

Since 8 - (180° - y) = 4".g 
the projection may be considered orthogonal. 



GLE3 KETWEEN MEEIDIAN3 AND KAE 


HUS OF I'ARALLEL. 


120. Let ji ™ e - (180° - f), then tan . 


^ _ tan f + tan 9- 
l-tanytany 


.•..™„- o-™" 


t'. 



_ (9) 

which will give correct values for the projection of the sphere, for 
all values of I an<l n. If n be not greater than 3". (9) will be suffi- 
ciently exact for the spheroid also. 

Evidently /i will be zero at the pole. 

When Z = the expression takes an indeterminate form -. hut sub- 
stituting for sin B and cos 9 



Sec^r-lf^J+ 6 (tan^^ + "'''"'' ) 



c when / = 



For latitudes 34°, 35" and 36", /i is less than one second of arc 
when n equals three degrees. 
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ELONGATION OF MERIDIANS. 

121. For the sphere 

rfy = (ffi (1 + n cot ? sin ff cos I - versm 9 cosec= l) 

and as and f are sensibly equal within three degrees of the middle 
meridian, since 

rfy sec ip =^ dm, m being the projected meridian 
d m= dy sec e = (5 (sec # + n cot / tan 6 cosl- (sec 9-\) cosec' I) 
= dl {sec 9 + eot= I tan 9.9- (sec 6-1) cosec= (10) 

When 1=0 this hecomes 

dm = dl (\ + --), since 

tan e = e + I" + 1^ +, and sec 6 == 1+-|' + ^^ + 

If n ~ 3", 1 + - = 1 + -00137 + 

If / = 90° rf Ml = rf / 

or the elongation of the meridians on the chart increases as ive recede 
from the poles. 

The differentia] equation showing the elongation of the meridian 
on the projection of the spheroid may be obtained in a similar man- 
ner, but the ratio between the length of a portion of the meridian antl 
the length of ita projection may be obtained from the projection tables 
As we may conaidei- the projected meridian to be straight for small 
distances, as 30' of latitude. 

Taking the latitude from O'' to 30' and n = 3°, we shall have 
5y = .!s + a N cot I versin 9 — 55282 metres + 76 metres. 

The first number being the meridional arc, the second being the 
change in the tabulated value of y for a change of 30' latitude. 

.-. Sm = iy sec ff = 5s (1 + J±- )sec a 



Since S "=■ n sin Hs small, its secant c 
then, 
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Sm ~ Ss (I + .00137 +) 

The preceding formula (10) for the sphere givea for lat. 1' 

dm = d /(I + .00137 +) 

So withia the limits we have assumed there is no appreciable 
difference between the projections of sphere and spheroid so far as 
the elongation of the meridian is concerned. 

CHANGES OP ANGLES CACSED BY PROJECTION. 

122. Let Abe the azimuth, mude by any elementary line on the surface 
of the sphere with the meridian ; let dp be the element of the parallel ; 
dl the element of the meridian on the sphere, and dp' and dm these 
elements when projected, and let A' be the projected azimuth. Tlien 
dp = dp' since the parallels are projected with their true lengths. 

tan A = -K, tan A'^- -t- 

At the equator where there would be the greatest difference 
between the angle and its projection this becomes 

2 

tan A = n J - tan A 

liCt _ =^ a, then the azimuth that will be most affected by pro- 

jection will be such an one that 

tan A ^ — - — tan ii> = . 

Va Va 

If n = 3°, a =. .99863 +, and A = 45" 01' Iff' and 
tan A' = tan (45° OX' 10") x a, or A' — W 53' 49" 

Hence it follows, that the maximum change caused by projecting 
azimuths will not exceed two and one third minutes, if w does not ex- 



ANOLB BETWEEN 

1 23, The angle between any two meridians on the globe in lat I is 
found by the equation, 
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sin -J A = sin I sin ^ n. 
On the projection when n is not greater thao 3" 
je=rijisin?^^ angle between projected meridians nearly. 

Since sin^ M = + &c. and sin J 6 — -x- — j^ 

We have, neglecting higher powers, 

....iniA-sini« + ^--^™i 



Sin ^ A = sin (57'- 22")- .000001151 
or A will diffei' from less than — — - when n = 



PKOJECTION OP SHOKTEST DISTANCE BETWEEN TWO POINTS. 



124. The co-ordioates of the projectioD of any point h 
a; = N cot ? sin 9 
y = K cot ? versin + S 



by obtaining the latitudes and longitudes of different points in the 
arc of the great circle, (Geodesic line) between two points, we can 
compare the co-ordinates of the projection of these points with the 
co-ordinates of a straight line, which either passes through the 
projections of two extreme points of the great circle, or cuts the 
middle meridian at the same angle as the great circle, which angle 
will be the same on the projection as on the spheroid, as since the 
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elements about points in the middle meridian are projected with 
their true lengths, the eijuality of angles must he preserved. 

A Geodesic line on the surface of the spheroid is the shortest dis- 
tance between two points. It corresponds to the Great circle arc on 
the sphere. 

Suppose through a point on the spheroid whose latitude is I, the 
surface of a sphere be described with radius N, the surface of this 
sphere will cut the surface of the spheroid in the parallel through the 
point, since the centre of the sphere lies in the minor or polar axis, 
see fig i, as do also the centres of parallels, and since the radii of the 
parallels of spheroid and sphere, passing through the poiot are both 
N cos /, the two parallels must coincide Plane pas ed through tl e 
axis will cut sphere and spheroid in the mer 1 o a.1 » cs an 1 Ion 
gitude from the middle meridian will he the same for botl figures 
since longitude is the angle between these i K e Any pline [ assed 
through the normal, will cut the surface of the sphere n the arc of a 
great circle and the spheroid in a line wh ch for three degrees w 11 bo 
sensibly the geodesic line. Within that 1 m t these 1 nes may be con 
sidered equal. (See Puissant Trait^ de Geod s e ) 

By assuming the angle this plane makes w th the mer d we can 
easily determine the latitudes of the iatpr ec o s of the gre t c rcle 
arc with difierent assumed meridians, 1 v tl e form la of pheri al 
trigonometry. AVe should thus get tie departure lat tud ot tl e 
great circle arc at the various meridians f o n the lat ude of the 
origin (or from the parallel of the point n wh h t cuts the m ddle 
meridian.) 

This departure, if expressed in linear un ts would g ve n those 
units the departure of the geodesic line from the same parallel on the 
same meridians of ti»e spheroid. 

If the change in latitude on the spl ero d s des red ne must 
remember that latitude on tlie elfipt <a1 mer la at any jont s 
measured on a circle, whose radius is R and though th s rad us s 
constantly changing, it may be considered const nt w tl n small 1 m ta 
especially if we take its value always, for the m dd e lat tude there 
fore, the change in latitude on the sphere will be to the change of 
latitude on the spheroid as ^^ : N. 

This principle may be thus expressed : — 

The same distance measured on arcs of different curvature will 
subtend angles, inversely, proportional to the radii of the area ; there- 
fore, after obtMuing the differences of latitude on the sphere, we may 
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N 
find the differences on the spheroid hy multipljing by >•" i which 

ratio can ha obtained from the projection tables. "We shall then have 
the latitudes and longitudes of the points in which the great circle 
cuts the meridians on the spheroid. These points can then be pro- 
jected by the projection tables, and we can then see how the line 
drawn through the projections compares with a straight line. For 
instance, suppose the plane through the normal is perpendicular to the 
meridian. 

Let tlie latitude of origin be 45°N, the assumed meridians 

30', 1°.00, 1°.30', S'.OO', 3°.00'. 

The departures from the parallel to the Sd. will be found for the 

sphere 3','92, 15^'72, 35':'33, 1'. 2'f83, 2'. 21'Mo 

For spheroid 3; 933, 15',' 773, 35;' 441), G3';041, 141'.' 93 

- S = R„ sin 1" X 3".9 &c. 

_ S = - l-2t.41, - 4BG.86, - 1094.2, - 1945.9, - 4380.8 
in metres. 

The values of y ^ N cot I versin can be taken from the projec- 
tion tables. 



In this case we shall have for the ordinates of the projections of 
the points y =: N cot I versin ^ - S when we refer these points to a 
perpendicular axis througii 45°, whence the ordinates are 

-1- .59 - .86 4- .8 -I- .1 - 2.8 metres. 

As the values of y, in the projection tables, are only given to the 
nearest metre, these results only determine the fact that the projectior 
of the geodesic line perpendicular to the meridian in latitude 45° doei 
not depart from the line perpendicular to the middle meridian, ai 
amount equal to a metre, until it has reached beyond the meridian o 
2° ; and its departure on the meridian of 3° is less than three metres 

As this amount would not be appreciable on any chart which wouh 
have an amplitude of six degrees longitude, we may say that the pro 
jection ot the groat circle is a straight line within the limits we hav 
taken. Since the same wonld be true of the line and great circle o: 
the other side of the middle meridian, it follows that the projection c 
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the great circle passing throngh two points on the same parallel 
whose longituiles are 3° E and 3° W, will be a straight hue. 

In a similar manner it may be shown that when the great circle 
makes an angle of 45° with the meridian, the projection of the geo- 
desic line of the same length as hefore considered sensibly coincides 
with a straight line. T!ie length of the lines considered is about one 
hundred and forty miles. 

In latitude 80° the projection of the point in which the geodesic 
line, perpendicular to the middle meridian, cuts the meridian i° from 
it, falls only G.6 metres from the line drawn on the projection perpen- 
dicular to the meridian at latitude 80°. The length of the geodesic 
line from middle meridian to point of intersection in this case is 
about 48 miles. 

In addition to the greater uniformity of scale the above examples 
show the advantages the polyconic possesses over Mercator's projectjon. 
for surveying purposes. 

Instead of the great circle arc perpendicular to the meridian in lati- 
tude 45° being projected sensibly as a straight line, on the Mercator 
projection, it will be projected as a curve which in longitude 3° will 
deviate from the straight line perpendicular to projection of meridian 
nearly 4381 metres x sec latitude. 

In latitude 5° the projection of the perpendicular great circle arc 
sensibly coincides with the perpendicular straight line for 3° of longi- 

GESERAI. CONCLUSIONS, 

125. We see from wjiat has, been shown that tlie ordinary polyconic 
projection, when its amplitude in longitude does not exceed 3° from 
the middle meridian, has the followintr properties. It is well adapted 
to all parts of the eartl but b 1 e polar regions. 

The meridians raak [at 11 the same angle with each other, 
and with the parallels a> on the phe . 

Angles will he proj t 1 w tl 1 ut 1 ttle change. 

The great circle (ge d In) II ho projected as a straight line 
Tactically equal to itself. 

RECTANGULAR POLYCOSIC. 

12C. The rectangular polyconic of the British War Office is a pro- 
jection where the parallels are described as before, but as the meridians 
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miiBt cut them at right angles, they are no longer projected in their 
exact length, and & is determined from the new csndition imposed, 
that of rectangnlarity. 

For particalara as to this projections see Tratte des Projections des 
Cartes Geographiques. Par A. Germain. Arthur Bertrand, Editeur, 
Parii. 
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CHAPTER XI. 

RUNNING SUKYEY. 

METHOD OF RDNNIS'O SURVEY — PRECACTI0N3 AS TO 
OBSERVATIONS — ^PLOTTING AND BALANCING THE WORK. 

GENERAL OBSERVATIONS. 

127. Cotild the reckoning of a ship be aecarately kept as she ran along 
a coast we could evidently make a very good chart of it, simply by 
taking accurate bearings of various points on the shore line and noting 
the time. The track of the ship would be a base line, the interse<y 
tions of the bearings would fix the positions of the shore line. Having 
determined the latitude and longitude accurately by observation at in- 
tervals of forty or sixty miles, the intervening points could be plotted 
by plane sailing. Now we can determine the bearing of any terres- 
trial object from the ship with great accui'acy by the astronomical 
method, but owing to currents, lee way, and difficulties in steering, 
can not depend on the accuracy of the track base. Neither can we 
multiply our astronomical stations for the determination of latitude and 
longitude, for each such determination has errors peculiar to the 
method used, and by reducing die interval between astronomical 
stations we should soon reach a condition of affairs when the distance 
between stations could be more accurately determined by the patent 
log than by observation. In other words the absolute error in the 
determination of the length of the astronomical base (which is in 
reality the distance between the astronomical stations) is no greater, 
necessarily, when such base is a thousand miles long than when it is 
five miles long ; but evidently the proportional error ia very much 
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less. We should therefore seek to reduce the errors of positions 
determined by astronomical observation to a minimum, therefore the 
observations should be made ashore, with the ti-ansit and zenith tele- 
scope if possible, otherwise reflecting instruments and the artificial 
horizon may be used, in which case the Pistor and Martin prismatic 
circle may be used, as its power of measuring angles of 180° with 
accuracy, would enable us to observe bodies near the zenith, thereby 
reducing the probable error of refraction. 

Landing will often bo difficult, sometimes impossible, in which 
case the position must be determined by altitudes from the sea 
horizon. 

CARE AS TO OBSEllVATIONS. 

128. We can not hope for very accurate results from such obser- 
vations and should be careful to take the following precautions. The 
vessel should anchor so her postion may he fixed by angling on shore 
marks, and so as to have as great an extent of clear sea horizon as pos- 

. fiible. If possible, time positions should always depend on observations 
at equal altitudes on opposite sides oE the meridian, latitude positions 
on equal altitudes on the meridian north and south of the zenith. The 
effects due to errors in tlie dip-tables should be checked, either by 
simultaneous fore and back observations, or by measuring the angle 
between opposite points of the the horizon with a prismatic circle. 
This angle will evidently be 180° + 2 dip. 

Owing to obscurity of the sea horizon at night we shall seldom be 
able to obtain equal and opposite meridian altitudes for latitude. 

The above rules for observations, save as to the dip, will apply 
to observations taken ashore. 

ACCURACY or WORK. 

129. As the navigator will not, in general, be able to fis his posi- 
tion with as much accuracy as we have fixed the positions of our sta- 
tions, even when we have been prevented from landing, it follows, if we 
•can fill in the detail of the coast with accuracy (that is so that the ab- 
solute error in thedistance between two astronomical stations may be 
distributed proportionally along the coast between them), we shall 
have a chart whose accuracy of shore line and hydrography will be 
equal to any test that he can give it. In other words, we may make 
an accurate chart of a coast without landing upon it if we can elimi- 
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nate the ordinary errors of the run of the ship betvyeew stations. We 
ean almost entirely ilo this when the coast preheats a succession of 
views of prominent objects by the folloiving method : — 

EXPLANATION OP METHOD. 

130. In the sketch, Plate VII., O represents the station occupied, and 
whose latitude and longitude are accurately determined by observa- 

The ship leaves her anchorage at 0, leaving a party ashore ; she 
proceeds to some point A, in as direct a course as possible. The dis- 
tance A should be such as to form well conditioned triangles with the 
directions of the prominent objects ashore, as a, b, c, d, r, &c. 

On reaching A she may anchor or not ; in either case, at a given 
signal, simultaneous angles are observed at A, between 0, and the 
above points ; at the observers measure the angles between the 
points and A ; an astronomical bearing of one of the points is taken 
at the same time either at or A. 

The ship then goes to B, steering on the range c d. The shove party 
proceed along the coast by boat, angling on the points a, 6, c, d, r, &c., 
and sounding the sliip sounds constantly, noting the times. On 
arriving at B the ship takes the astronomical bearing of any two 
points a" a and d or mt-isures the angles between three points as O, 
a, and d at the samt, time ingles are measured between any one of 
these points inl some ntw objects which have just come insight, these 
are« r and/ 

The vessel then goes to C, steering on a range if possible ; at C 
she takes astronomical betiing of d, and measures the angle between 
c and d this tv ill fix her position in reference to those points. At the 
same instant the anj,les between e, ■r' and/, and d, or c are measured, 
these will fii. e r' and/ At thesame instant the angles made by the 
points r g k which have now become visible are measured. 

The ship then goes to D, fixes her position by astronomical Iiear- 
ing of a known point and the angle between it and another known 
point, and by simultaneous angles on the points r",jf, A, fixes their posi- 
tions, which in turn will serve to fix new positions of the ship, and the 
places of other points which come in sight as the ship goes towards O'. 
On arriving off 0', the ship anchors, sends a party ashore, and O" is 
fixed by observations on the ship and fixed points. The latitude and 
longitude of 0' are accurately determined by observation. 
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It would have been well if a reconnoisance of the coast, between 
O and 0', had been made the day before the survey commenced- 
Compass bearings of different landmarks, as well as sextant angles and 
the patent log woald have enabled us to make a sketch of the coast 
which ivould have been of great assistance in the survey. The astro- 
nomical positions of 0, and O', would have been determined by sea 
observations, and we could then have selected a middle meridian of a 
polyconio chart so that O and O' could be projected having equal longi- 
tudes in reference to it. O and C should never have a greater differ- 
ence of departure than sixty miles on account of the projection, but 
the difference of latitude between the points may be no more than ten 
miles, if the positions are determined by good observers with the zenith 
telescope. But we must remember that the great trouble in the sur- 
vey will be in landing. It will most always be inconvenient and often 
dangerous, therefore, we must take advantage of favorable opportuni- 
ties, such as good weather, sheltered coves, &c., to determine our shore 
positions, considering sixty miles as the extreme limit that should exist 
between shore stations, but preferring that they should be thirty miles 

The amount of coast surveyed each day will depend entirely on 
the detail ; the more lines run and soundings made the less will be the 
progress down the coast. 

The surveyor should remember that satisfactory results will be 
much more apt to follow careful work, as the additional data will give 
more checks. Therefore, often the ship may be several days in going 
from station to station. She shouhl anchor every night and check 
her position by observation whenever it can he done under favorable 
circumstancps. 



1.^1. Let «s again refer to Plate VII. 

Before leaving O, we should have determined, either from the 
reconnoissance or other soui'ces of information, what would he the 
probable extent and direction of coast to the next shore station. A 
polyconic cliart to include the coast, scale depending on the extent 
of coast to he projected, the greater the extent of coast the smaller 
its scale, should have been constructed, and O projected with its 
proper latitude and longitude. The middle meridian should be 
assumed half way between O and 0'. 
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The distance A in units of the chart scale should have been 
determined either by anglss from a measured base at O, mast head 
angle, or by the patent log. Tlie vessel might have run out on a 
range, to a point where it was cut by anotlier range, hauling in and 
reading the patent log at the instant of crossing tlie 2d range, when 
angles are taken, tben turning and going back on first range, putting 
over the log at time of crossing 2d range, she returns to point of 
departure determined by a buoy ; the mean of patent log readings 
will give in connection with distance from buoy to the distance 
OA. 

The distance O A, can then be plotted with its proper azimuth, 
and the points a, b, c, d, r, determined by the angles from O and A, 
being plotted by protraction. 

132. We supposed the ship went directly from A toB. Evidently as 
she can now fix her position at any moment by angles, it is not 
necessary that siie should proceed to any particular point. Her 
movements may now bo governed by, two considerations only. 

1st, The triangles formed by the points asliore and her positions 
should be well cotditioned, and angles to all new points should be 
well conditioned. This rule should always apply, whether the survey 
is to be minute or not. 

2d. The number of the lines beyond those necessary to fulfil the 
first condition, will be proportional to the time to be devoted to the 

In carrying ottt the let condition it is evident a preliminary sketch 
of the coast would be very useful. 

B, C, D, E, F, together with the various shore points, are plotted 
either by astronomical bearing of a known point and the angle between 
it and another known point, or by the three-point problem. 

ASTKONOMICAL HEARING. 

133. The astronomical bearing is preferred, as by plotting from 
the particular meridian of the place where it was observed ; as we 
change onr longitude, we allow for the convergence of the meridians. 
Therefore, if the sun is over the land, the eye must be placed as low 
as possible and the observation corrected for the dip of shore line, or 
time azimuths should be used. As the time can be very correctly 
determined twice a day without landing, and as the change of longi- 
tude is known, and as the chronometers will be of the best, the time 
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azimuth will probably give the beat results. It should always be 
used in preference to the other as the suti approaches the meridian. 

If possible it would be best in practice to determine the position 
of prominent land marks by astronomical bearing, in the morning 
and evening when the sun is low. These objects can give good posi- 
tions for the ship and consequently to new objects as tbey come in 
sight, and we can thereby avoid the use of the sun for determination 
of bearings when its altitude becomes so great as to give unsatisfac- 
tory results. 

From art. 279, Coffin, we see that the problem becomes indetermi- 
nate wiien the great circle, passing through sun and object, is perpen- 
dicular to horizon. 

As this problem is discussed in the work referred to, it will not be 
here ; but the attention of the surveyor is particularly called to these 
facts. 

As his results depend entirely on the accuracy with wliich the 
astronomical bearing is determined, he should understand the problem 
thoroughly ; he will then select the method that will give the best 
result, and when the probable error exceeds what he has determined 
to be the limit, should interrupt lua operations till a more favorable 
time. 

In all that has preceded, we have only mentioned the sun, in con- 
nection with the astronomical bearing, but simply because generally 
it will be used. Often the moon and planets will give better results 
and should be used in preference to tlie sun. 

BAl.ANCISQ THE WORK, 

134. "When we plot O' as determined by observation, we> shall 
most likely find that its position differs materially fmm the one given 
l)y the triangnlation from 0. We must therefore balance the work 
to make the two positions co-incide. 

From chap. X we have as follows :— 

The straight line 00', on the Polyconic chart, within the limits 
assumed, is the projection of the groat circle through those points. 
The lines OA, AB, BC, &c., are likewise projections of great circles 
through A, B, C, &c. 

The angles between these arcs are not sensibly altered by projec- 
tion ; neither do the projections sensibly differ in length from the 
arcs themselves. We may therefore balance the work in a similar 
s we would in plane surveying. 
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Draw a straight line through 0', and measure the inclinations 
of all the lines OA, AB, BC, &o., to the line 0'. Let these 
inclinatioQs bo I, I', I", &c., then the diff. lat.* for AO for instance = 
A X cos T. The departure = AO x sin I, and so on for the 
other sides. 

The snm ol the latitudes should equal O 0' and the sum of the 
departures should he zero if the determination of 0' by observation 
and triangulation agreed. 

Each partial diff. lat, and departure will be corrected by the 
quantities obtained as follows : — 

[AO + AB + BC + &<-■.] : AO = Tiitnl error in Int. : torrettion for l.it, nf AO 
[AO + AB+BC+&1:.]: A0 = Total errur inJcp. : eorrcotion for ilop. of AO 

From the now values of the difi. of lat. and departure for A 0. 
A B, B C, &c., new values for them and T, I', I", &c., are to be obtained 
from the traverse table. The work is then to be replotted, the new 
lilies A O, A B, B C, &c., being considered the bases, and the angles 
to the shore points being taken the same as before. These lines A O, 
A E, B C, &c., are to be plotted by their inclinations to line through 
00', and their correct lengths taken from the scale. The points 0, 
0', are to bo taken (in tlieiv proper latitudes) so they havo equal 
longitudes froip the middle meridian. The shore line would be 
sketcheil in, and soundings not fixed by angles would be put in, in the 
usual manner, spaced between principal points by proportion. 

135. In balancing the work, we have assumed that the ejTora are 
proportional Lo the Haas A, A B, &c. Of course if O A was not 
correctly measured, the work could not close. 

Often, however, certain points as D, for instance, are determined by 
small angles, and may be assumed to be erroneously determined for 
that cause, and it might be well to assign .in arbitrary compensation 
to D, or to say that compensation was directly proportional to the 
length of a line and inversely proportional to the angle that determined 
its extremity considering the right angle the greatest. The patent 
log should be used and its readings would act as checks. For instance, 
if the patent log agreed well with the distances B C, D E, but disagreed 
witli C I), as determined from the chart, we should be Justified in 
giving greater compensation, to C t> than to the other lines, 

• The term diff. iHt. and deportura are only uaert og tliey concisely espreaa the idea. 
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CHECKING POSITIONS. 



13C. Another way of checking positions will he hy detennitiing the 
vertical heights o£ prominent points, and using these heights after- 
wards to check distances. For instance, if the height of e had been 
determined at B, by taking its vertical angle, the distance deduced 
from the vertical angle of e, as seen at D, wonld serve as a check on 
the position of D. 

137. It would always be well to avoid small angles by the follow- 
ing precaution. On approaching a point, such as D, where it is 
evident tlie angles measured between known points will he small, a 
boat should be sent to some point x ; the boat fixes her position with 
good angles, at the same time the ship angles on the fixed points and 
^he boat. 

B04T WORK. 

138. But little has heretofore been said about the work of the boat or 
boats during the survey. Evidently the ship can do all that has 
been described with but little assistauce from the boats, but as we 
make the survey more minute, so will the boats become more useful. 
IE all the lines run by the ship were similar to A, and A B, off and 
on the coast, making a series of triangles as nearly equilateral aa 
possible, the boat would do good service by sounding the interior lines 
as B, or the bases of the triangles. The boat and ship would 
communicate at B, when the points to be angled on for the next 
triangle could be named. In other words, the special work of the 
ship would be to run the outside lines of soundings, lis and name the 
prominent shore stations, or objects, which she can better do, as she 
changes her position more, and will more often have a clear horizon. 
The boat, by communicating with the ship, would obtain a roagh 
sketch of the coast and the positions and names of prominent marks, 
and would run her lines of soundings by angling on these marks. 

After the final adjustment on the projection of the pi'incipal shore 
points, the various Hues run by the boat may be plotted by means of 
the protractor. 



13D. The following general rules may he given.: — ■ 
Avoid as much as possible angles less than 30°. 
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Note transits and tangents. 

When the position of finy point is determined, determine its 
height, always correcting for the teriestria! refraction and dip of shore 
line and curvature of earth. 

Steer as much as possible on ranges, noting the compass coarse, 
the track of the ship will then be a straight line and the soundings 
will be more accurately plotted. If you cannot get a range, keep a 
point on the same compass bearing, to effect the same object. The 
length of the lines of triangulation made by the ship will depend on 
the distinctness of the objects viewed, they would gcnerjUy be less 
than live miles long. 

Keep three known objects, subtending angles over 30", constantly 
in view ; whenever a new point appears, whoie direction makes an 
acgle of 30" with direction of ship's track, determine its direction 
and position of ship. Again determine its direction in reference to 
known points, and change course before the angles between known 
points become 30°. 

Angles between two known points and an astronomical bearing of 
one of them will lis (he position of the ship. As there is no ambig- 
uity attachsd to this method as is frequent when three points are 
angled on, it must be constantly used. As good results cannot be 
expected to be obtained by inexperienced observers, however able 
they may be, ^s the success does not depend so much on individual 
ability as on concerted and well directed action, it follows that the 
observers should be thoroughly drilled before the actual work of the 
survey commences. This can best be done by going orer the lines 
several times in the immediate vicinity of the extremity ; comparison 
of results will expose errors and make the method familiar, and 
demonstrate the degree of confidence with which to regard it. A 
mountain, far inland, can be fixed in position by astronomical bearings 
from the shore stations ; its bearing at intermediate points will check 
those points. The rule in regard to angles applies here. 

No point should be fixed by lines making a less angle than 30°, if 
the survey furnished larger angles. In other woi'ds, rather than fix 
the position of a point from a short base line, espaad yonr base line 
by the triangulation, and consider the point fixed by the best angles. 
If the coast presented successive views of prominent objects, such as 
mountains, rocks, cliffs, &c., visible at a great distance, as fifteen or 
twenty mites, three of which would always be in sight, the track tri" 
angles must be larger and would enclose a smaller triangulation to 
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give the details of the coast. The rule in roforence to angles will 
determine the length of sides. 

Whenever the ship anchors, currents should bo observed, and the 
rise and fall of the tide by pressure gauge. 

The principal points determined each day should be plotted imme- 
diately, and a sketch made for tJie boats and general reference. 



KESITI.T NOT AFFECTED BY EKKOK IN ORIGINAL BASE LINE, 

140. It will beseenfi-om the preceding pages that the positions of 
points are made to depend on the distance between the shore stations 
as determined astronomically. These distances from point to 
point are independeot of the original base line OA. Distances by 
patent log and compass courses are only used as checks. 

SPECIAL CASES. 

141. If at either astronomical station a shore triangulation be 
established, as a harbor survey, whence, by an expanded base, the 
positions of peaks are determined by well conditioned triangles, then 
the various positions of the ship, fixed from these peaks, may be con- 
sidered correct, and the triangles about the station plotted without 
change. 

For instance, PI. VII. If ,by an accurately measured base at O, 
the positions of a, b, c, d, be determined, the positions of A, B, C, deter- 
mined from them as well as r, r", e,f, may be considered correct and 
plotted without change. Compensation must theu be made between 
C and O' in the manner before described. 

If at 0' tliere also be a measured base whence the positions of 
peaks are determined, that portion of the triangulation from either 
point towards the Other that depends on well determined points may 
be plotted as correct. As the two triangulatioiis, when brought to the 
same intermediate point, will not agree, a certain portion of the triang- 
ulation about such point should be balanced, as before described. 
Should any portion of the coast between astronomical stations be 
without natural signals, the triangulation would be carried from the 
origin as far as may be considered accurate (till angles lietween 
known objects measui-e 15°), and further positions fixed by dead 
reckoning. 

If, before reaching the other astronomical station, other signals 
come in sight the triangulation should re-commencc. 

We can then plot the triangulation from each station and connect 
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by dead reckoning, balancing as before or giving greater compensation 
M distances determined by dead reckoning. 

Cases may arise where the triangulation must be connected with 
the origins by dead reckoning. Even in such cases the chart will be 
of the greatest use to the navigator ; for should be plot his position on 
it by cross bearings of any of the natural signals used in the survey, 
such position will give the correct bearing of dangers, though the 
distances us given by the chart, will most likely be incorrect. 

Correct bearings are of the utmost importance in a survey. 

Distances, are of secondary importance, since, owing to currents, the 

■peed of the ship is approximate. 

PROJECTION PLACED ON PLOT OF TIIIANGULATIOS. 

142. If working in low latitudes or in the direction of the meridian 
In high latitudes the convergence of the meridians can be neglected. 

We then plot the triangulation on plain paper, and afterwards put 
the polyconic projection on it so that the extreme points, which we 
shall call and O" may be projected in their proper latitudes with equal 
longitudes from the middle meridian. By this means compensation 
is made to all the lines of the triangulation. 

To do this, plot on a polyconic chart the positions of O, C as 
determined by observation, their longitudes from middle meridian 
being equal. 

Draw a straight line through these points, determine, by measure- 
ment, the length in metres of its representative on spheroid, which call 
a. Measure the angles this str^iight line makes with the co-ordinatea 
of the point?. 

On the plain paper, having the triangulation on it, draw a straight 
line through O and C, measure its length in metres. Call this S, then - 

represents the co-efficient of the scale of the desired projection. By 
laying down the co-ordinates of O, O', as taken from tables and re- 
duced by co-efficient of scale, making the same angles with line 
through O, O' as were measured on the chart, we fix the middle 
meridian and points in which parallels through and 0' cut it. Other 
parallels and meridians can then be drawn if desired. 

For further information in regard to running surveys, the student 
is referred to Ilydrographic Office publications, Nos, 4 and 3G, and 
" Directions as to the Running Survey of the Mexican Gulf Coast." 
Also to the directions given in the Deck Board and Angle Book issued 
by same office. 
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CHAPTER XII. 

THE PORTABLE TRANSIT — OEtJEBAL DE3CKIPTION — ADJUST1IENT3 — 
rOINTING — DETERMINATION OF VALUE OF TURN OF AZIMUTH 
SCREW — EQUATORIAL INTERVAL OF THREADS — REDCCIION TO 
MERIDIAN — DETERMINATION OP CONSTANTS a, h, C. 

GENERAL DESCRIPTION. (See Plate.) 

143, The smaller of the portable transit instruments used by the 
U. S. Government, built by Wui-demann, of Washington, bas a teles- 
cope of 26 inches iocai length with 2 inch aperture and magnifyiag 
power of about 40. The frame made light and very stahle consists o£ 
a horizontal portion fitted with two levels alright angles to each other 
and three foot screws by means of which it may be levelled. At the 
extremities of this horizontal portion are hinged the two standards 
fitted with braces, which set up firmly by means of screws, against two 
studs in the lower part of the frame. On removing these screws the 
braces fold in upon the standards and these latter down, so that the 
entire frame may be packed in a box together with the telescope conve- 
nient for transportation. 

To tJie upper end of each standard is attached a Y, or the carefully 
manufactured bearing for the extremity of the horizontal axis. One 
of these Ys is fitted so that a fine motion screw with micrometer head 
gives an accurately measured motion in azimuth and the other so that 
a similar screw gives a similar vertical motion. Supports are arranged 
by means of which lamps may be used to illuminate the field of view 
and the ordinary stops for the clamps are fitted to each standard. 

To the telescope tube are attached the two conical supports by 
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their larger enils, the outer extremities being ground down carefully 
to form the nyliiidrical pivots wliich rest in the Ys. The axes of these 
supports, in the same straight line perpendicular to the line of direction 
of the tube, form the rotation axis of the instrument. The supports 
are made conical to pi-event flexure, and hollow in order that light from 
the lamps may be admitted through them to the reflector in the teles- 
cope tube, which serves to render the transit threads visible when ob- 
serving faintly illumined bodies at night. Near the extremity of one 
of the axial supports is the clamp with thumb screw, fitted with lever 
and spring, which latter, in connection with thumb screw of stops on 
the standards, enables ws to give slight motion of the line of sight in a 
vertical plane for the more accurate pointing of the insti'ument. 

Oil either side of the telescope tube, between the eye piece and 
axis, are the two finders, each of which consists of a gi'aduated circular 
scale about 4 inches in diameter permanently attached to the tube, and 
a spirit level secured to an arm, which revolves about the centre of 
the circle, fitted with vernier, stop and tangent screw, by means of which 
single minutes may be read on the scale. One of these finders rnay be 
set to read altitudes, and the other zenith distances. 

The telescope consists of the tube proper, in which is placed the 
object glass, and the eye tube, which contains the diaphragm or wire 
plate and the eye piece ; the eye tube is moved out and in by a rack 
and pinion so that having adjusted the wires to the focus of the eye 
piece they may easily and quickly be brought to the focus of the 
object glass. Another rack and pinion carry the eye piece to the 
right and left so as to bring its optical centre opposite each thread in 
succession as a star crosses the field. The diaphragm or wire bos 
contains the reticule which consists of nine parallel transit threads 
with three others at right angles ; there is also a movable thread 
and micrometer-headed screw carrying it — all so arranged with strap 
and clamp screw that they may be revolved in any direction to make 
the threads vertical. The wire plate has also a small bolt attached to 
it carrying the wires, when vertical, to the right or left for the purpose 
of adjusting the line of sight over the middle vertical wire perpen- 
dicular to the axis of rotation. A diagonal eye piece is furnisJied for 
observing stars at considerable altitudes. 

The striding level, with its accurately divided scale, is filled with 
ether, and furnished with a chamber to regulate the length of the air 
bubble and also with adjusting screws for regulating the reading of 
the bubble with reference to the level supports. 



>y Google 



MABINE StIKVETING. 



ADJUSTMENTS. 



144. Having selected the position for mounting the instrument, 
the stoae pier, block of wood, or whatever is to he used as a support, 
should be placed as flrmJy aa possible on ita foundation and made level. 
(For field work it is recommended to use the trunk of a tree cut off 
at a convenient height.) Place the frame of the transit with the two 
standards in the east and west line as nearly as cau be determined 
by means of the compass and its corrections for deviation and varia- 
tion. By means of the foot screws level the horizontal portion of the 
frame, and set up the standards by means of the braces, taking care to 
Bet the screws connecting them with the frame-studs well taut. See 
that the Y adjusting screws are in the middle of their position and 
then mount the telescope with the pivots in the Ye ; adjusting the 
lever of the clamp in the stops. 

145. Levelling. — To insure the motion of the axis of coliima- 
tion * in the plane of a vertical circle it is necessary that the axis of 
rotation be made horizontal ; to set it in this position apply the stride 
level with its supports on the pivots. If the level is adjusted so that 
the axis of the tube is exactly parallel to its supports, it will only he 
necessary to bring the bubble exactly in the centre by means of the 
Y adjusting screw giving vertical motion. It is not well however to 
trust the level without reversal, consequently shift it end for end, and 
if the bubble in the new position is not exactly in the centre of its 
reading, make it so by turning the Y adjusting screw to correct one 
half the error and the smail screw for adjusting the level tube with 
regard to its supports, to correct the other half. Again reverse the 
level, and if the bubble remain central, the axis is horizontal. If not, 
repeat the above operation until the bubble remains central in both 
positions of the level, this being the test for the correct position of the 



VERTICALITT OF WIRI 

146. Direct the telescope to some small, distant, well defined object t 
andbisect it with the middle wire. Elevate and depress the telescope 
on its axis and observe whether the object still' remains bisected by 
every part of the wire ; if not, loosen the strap which holds the mi- 

* The axis of collimation Ib that Imaginary line paeilng tlirougli the optical centre of 
the object glase perpendicular to the ails of rotation und in the same plune. 

t The croeawlreBof aeollimatingteleecope ortlieodolila maybe usedwilh the beat 
retnlu tor the dialant object. 
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crometer boi and diaphragm, and turn until the centra! wire is verti- 
cal, evidenced by the above test. Next make the line of sight over 
the middle vertical wire correspond with the axis of colli mation— called 
the adjustment in collimation. Observe that the distant object is 
still bisected by the middle vertical wire and then reverse the telescope 
by lifting it carefully out of the Ys, and, replacing it with the aiis 
shifted end for end, pointagain to the same object, moving the telescope 
only in the vertical plane. If the objectbe bisected in this new posi- 
tion, the adjnstnient la correct ; if not, by means of the screw bolt hold* 
ing the diaphragm, move the middle wire half the distance froni its 
new position toward the middle of the distant object, then, by means 
of the Y azimuth screw, bring the wire into position bisecting the 
object, and reverse again. If the above condition be fulfilled in this 
new position, the line of sight corresponds with the aiia of collimation ; 
at all events, the operation of correcting half the apparent error by 
means of moving the diaphragm, must he performed until the middle 
wire bisects the distant object in both positions of the axis. 

It is evident that the collimation adjustment in no way depends 
upon the direction of the telescope, but, as it is nearly always possible 
to find some small distant body in any direction, it is not generally 
made until after the axis has been levelled approximately in the east 
and west line and the wires made vertical. 

147. The final adjustment is that in azimuth to insure that the 
plane of the line of sight is in the plane of tha meridian ; this can bo 
done only by observation. 

TO POINT THE TELESCOPE. 

148, This is done by means of the finder. That finder which 

reads altitudes should have the zero of its scale in such position that 
when the vernier reads zero the axis of the level should be parallel 
to the line of sight of the telescope — if the vernier be so set and the 
telescope then revolved until the bubble is in the middle of the tube, 
the line of sight will be horizontal. To point to any star whose alti- 
tude is H : — set the vernier to that reading and revolve the telescope 
until the bubble be central. It is evident that the angle made by the 
line of sight with the horizontal line is equal to the angle read from 
the scale, in this case equal to H, generally the computed meridian 
altitude of a star. 

In order to find any index error or to set the scales of the finden, 
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tlie following method is used. By means of the eye direct the tela- 
Bcope to any knowa star at time of culmination and clamp it ; brine 
the vernier arm level by means of the bubble and, to find index error, 
compare the reading of the scale with the computed reading ; the dif- 
ference will be the error required- To set the scale proceed as be- 
fore, loosen the screw holding the scale in position, turn it until the 
indicated reading be the same as the computed, and secure it. Com- 
pute the zenith distances of stars at time of culmination by means of 
the general formula for the Latitude, L ^ i + d, where lis the meri- 
dian zenith distance and d the declination. Then s = L - rf — r for 
star south of zenitli, and a = rf - L - r for star north — taking care to 
use the proper sign for d and in case of a sub-polar star to use 180"-^ 
instead of d. r is the refraction which may generally be neglected. 
The altitude II = 90°- z. 

TO MjLke the adjdstment in azimuth. 

149. Since the rotation axis has been made level and the line of 
Bight perpendicular to that asis, it is evident that, when vertical, the 
line of sight will pass through the zenith and will therefore cut the 
meridian at that point, however far removed it may be when turned 
down to the horizon. If now we can make the line of sight cat the 
meridian when pointed in any other direction, the plane in which it 
moves will coincide with the plane of the meridian. A star in the 
zenith will appear to cross the middle vertical wire at the time it 
actually crosses the meridian, but such will not be the case with a star 
near the horizoa unless the azimuth adjustment is esact. If the low 
star, crossing from east to west, passes the middle wire earlier thaa 
the computed time of transit, the plane of the instrument deviates to 
the east, if later, the plane deviates' to the west ; in either case the 
error must be corrected by the azimuth screw, until stars at all alti- 
tudes indicate the same amount of clock error. Practically take two 
stars, one in or very near the zenith, the other as near the horizon on 
the same side of the zenith as possible, the stars to differ but little in 
right ascension. Note the clock time of transit of the zenith star 
and compare this time with its right ascension : the difference will be 
the approximate clock error. This error, applied with its proper sign 
to the right ascension of the second star, will give the clock time of 
its transit ; point the telescope to the second star and by means of the 
azimuth screw, if necessary, bisect it with the middle wire at the com- 
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puEed time of its transit. The instrument will then be very nearly 
in adjustment, but by repeating the aboi'e operation it may be brought 
more nearly, and, if there be time, the adjustment may be made exact 
by repeated observations and azimuth screw turnings. The error 
may be found, however, and the adjustment made much more quickly, 
by the following method, the mathematical part of which will be ex- 
plained later. Take two stars as before differing but little in right 
ascension in order that the interval between the times of observations 
may be correctly measured, i. e., unaffected by whatever rate the 
clock may have, and differing greatly in declination. Note the time 
of upper culmination of each star and mark the interval between, 
positive when the lower star precedes the higher, negative when it 
follows; mark the difference between tho computed right ascensions 
of the two stars in the same way. If these two quantities are exactly 
the same, the line of sight is exactly in the meridian ; if not, the 
difference between them points out a deviation, in northern latitudes, 
to the east of south when positive, and to the west when negative, 
the amount of deviation in time expressed by the formula 
D = 3 cos rf cos (f cosec {d- d') sec L 
and 15 D equal to the deviation in arc, 
S being the difference of right ascensions less the intorval between the 
times of transit ; d' and d, the declinations of the higher and lower 
stars respectively, and L, the latitude. 

150. Knowing the amount of deviation from the meridian, if we 
determine the value of a revolution of the azimuth screw, it is evident 
that we can at once bring the instrument into adjustment in azimuth 
by giving the screw the requisite number of turns. To determine 
this value, note the time of passage across the middle wire of an 
equatorial star, turn the screw quickly through a complete revolution 
BO as to bring the line of sight to the westward of the meridian, and 
then note the time of its second passage over the middle wire, the in- 
terval ia time u between these two passages, reduced to the horizon by 
increasing it in the ratio of the cos. of the altitude to one, will be 
the value required, V= v sec H or since H, the altitude of an equa- 
torial star, is equal to the complement of the latitude, we shall have 
V in time equal to d cosec L, and 15 V the value in arc. If any other 
than an equatorial star be used, v, the noted interval, must be reduced 
to the equator * and its value then substituted in the above. 

151. The following modification of this method will give bettor re- 
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sulta. Determine the clock error by three or four stara of nearly the 
same declination, and {oUowlng each other in quick Buccession bo that 
chances of error due to the rate of the clock may be eliminated, turn 
the azimuth screw through several revolutions and take as many of 
the same and other stars as needed ; then the difference of the clock 
errors, shown by the two seta of observations, divided by the number 
of revolutions given the screw, will be the value of a revolution which 
is to be reduced to the horizon as before. 

Divide the error of the instrument in azimuth D thus found, by V, 
tie value of a single turn, both in time, and the result will be the 
number of turns to be given the screw in order to bring the plane o 
the instrument to the meridiam. 



REDUCTION ' 



) TBR MERIDIAN. 



152 If the foregomg adjustments are perfectly exact, that is, if 
the horizontal ails is e\i' tly level, and in the true east and west line, 
and if the line of sight corresponds exactly with the aiis of collima- 
tion, the great circle described by the line of sight will be the meri- 
dian In practice, howeier, it is almost impossible to fulflll all these 
conditions exactly, and it becomes necessary to correct the times of 
observed transits for slight variations in these conditions ; and these 
corrections are called the reduction to the meridian. The method for 
determining this reduLtion will be understood from the figure, in 
which the deviations are very much exaggerated in order that the 
method may be clear. 

N Let N E SWbe a projection 

~ (stereographic) of the sphere upon 

the plane of the horizon; NS, 

the meridian ; E W, the prime 

vertical ; Z, the zenith. Suppose 

the instrument mounted so that the 

prolongation of its horizontal axis 

is represented by the line A B, 

meeting the celestial sphere at the 

point A; the deviation from the 

level will evidently be represented 

h by the projected arc a; A; this 

^K- ^'' deviation is named h. The angle 

AZWwillevidentlybethe deviation of the axis from the E and W 

line, equal to P Z N', the angle between the axis of collimation and the 
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meridian, or deviation in azimuth, named a. Since the axis of col- 
limatiou is that line pet* pendiqular to the axis of rotation, it will describe 
the plane of a great circle ot which A is the pole : let N' Z' S' he that 
great circle, and let » s be (he circle described by the line of sight 
passing through the centre of the middle vertical wire, making the 
constant angle c with the axis of collimation, c being the collimation 
constant. 

If the line of sight move^ in the meridian, (hen the hour angle of 
the celestial body when on the \ertical wire will be zero; if this is 
not so, it becomes necessary to determine the hour angle of the star 
when in that line, in order that we may reduce the observition to that 
instant of time when the hour angle ia zero ; in other words, to deter- 
mine the hour angle of the star which is Z P 0, in time ; this 
applied to the clock time of the observed transit will give the time of 
the meridian transit. This angle is the reduction to the meridian 
and evidently depend' upon the three quantities a, b, and c, above men- 
tioned. To determine the value of this angle, let L represent the 
latitude of the observer; 6, as we have already seen, is the altitude of 
the point A ; let n represent the declination of A, and m, the comple- 
ment of its hour angle. Then in the triangle Z P A we have — 

ZPA = 90° - m ZA ™ 90° - b 

PA ^^0-' -n tZA = 90° + a 

PZ =^ 90' - L 
and, substituting these values in equations (6) and (4) of Spherical 
Trigonometry, we have — 

cos n sin m = sin 5 cos L + cos h sin a sin L (1) 

sin n = sin S sin L - cos 5 sin a cos L (2) 

these determine m and n, when a and h are given. Again, in th'e 
triangle APO let t represent the hour angle of the star O, when on 
the middle vertical wire, that is, the angle ZPO ; let d represent the 
declinatioa of the star, atid c, as before, the collimation constant. We 
shall then have — 



APO-=APZ + ZPO = {90° - 


m) + 


r = 90=+ (r - m) 




AP = 90°-7i 




A O = 90" + c 




P =^ 90= - rf. 








which give the following equation : — 








-sin c = sin « sin d - cos 


n cos 


dun(r^m) 


(3) 


31 sin (r - m) = tan n taa rf + sin 


csec 


nsecd 


(4) 
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determining r-m and consequently t when c, 6, and o, are given. 
These are the general formulse for the reduction to the meridian. 

153.. Having, by the method already described, placed the instru- 
ment nearly in the plane of the meridian, the angles a, b, and c are 
reduced to very small angles and it follows that m, n, and r will also 
be veiy small. Therefore we may substitute for the sines of these 
small angles the angles themselves, and, for their cosines, uaity ; then 

(1) becomes m == J cos L + a sin L (5) 

(2) becomes n =^ J sin L - a cos L (6) 
(4) becomes r = m - w tan rf + c sec d (7) 

Eqna'.ion (7) is known as Bessel's formula. 

Substituting the values of m and n in (7) factoring and reducing 
we have 

.=.»^ei^.,i!L£t_ia. + _i_^ (8) 

known as Mayer's formula for computing the reduction to the meri- 
dian, in other words, the correction to be applied to the observed 
sidereal clock time of tiie transit of a celestial body over the middle 
thread, to obtain the cloek time of its transit over the meriilian. Let 
T be the observed clock time of transit over the middle thread, then 
T -I- T will be the clodc time of transit over the meridian. The exact 
sidereal time of the transit of a star is known from its right ascen- 
sion. Hence, comparing our clock time of transit over the meridian 
with the right ascension of the star taken from the Star Catalogue 
we are enabled to determine the correction for the clock. Let A T 
represent that correction, and A the right ascension of the star ; then 
A-(T + t) = AT (9) 

suh.'itituting the vulue of r. 



\ cos rf c 



A-=T + AT-5' 



^L_-^ 
cosrf ^ 



by (10) the correctiou of the clock can he found from the c 

transits of known stars, and by (11) having the clock correction the 
right ascension of stars not catalogued can be determined. 

154. The Coast Survey Office has published " Tables of Factors 
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for Keduction of Transit Observations," by means of whicli the factors 
nay be taken directly from 



?HL2ir.il co^(i^-d) ^^ 



the table using (L - d) and d as arguments. 

In very exact observatory work a small correction caused by 
diurnal aberration should be applied to the apparent right ascension ; 

the formula for this is- . ^^'l^. As will be seen, however, 

cos d 

its value would scarcely be appreciable. 

155. The above values of t are lo be applied to the upper 
culminations of celestial bodies. For lower culminations it is 
necessary to substitute for A, 12 hrs. + A, and for d, 180=- d, since in 
the forrauliE d has represented the distance of the body from the 
equator reckoned toward the zenith, and since the time of lower 
culmination differs by 12 hours sidereal time from that of the upper 
culmination of the same body, 

EQUATOR I AT. INTEKTAI-S. 

166. Heretofore we have supposed that the observations were made 
upon the middle vertical thread ; this method of observing, however, is 
rarely adopted, because a single observation is more liable to error than 
the mean of several. The diaphragms of all astronomical instruments 
are constrncted with an odd number of threads (in this particular in- 
strument nine), and these are placed parallel and as nearly equidistant 
as possible. If they were exactly equidistant the mean of the observed 
times of transit over all could be taken as the time of transit over the 
middle thread, but this is very rarely the ease even in the largest 
instruments ; bence it is necessary to determine the distances between 
the threads SO that we may reduce our observations either to the 
middle thread or to the meim thread, the latter being the one gener- 
ally used with the portable instrument. 

The mean thread may be defined as an imaginary thread so placed 
in the field that the time of transit over it will be the same as the 
mean of the times of transit over all the threads. All observations 
are reduced to this imaginary thread. The constants a, b, and c, and 
the intervals of the several threads are referred to it. As it often 
happens that it is only possible to observe transits over a portion of 
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tlie threads, it is evidently necessary, in order to deduce the time o£ 
transit over the mean thread, tliat the distance of each from the mean 
thread be known. The determination of these distances is usually the 
first thing done after the instrument baa beea placed approximately in 
the meridian and adjusted to sidereal focus. The distance required is 
evidently the angle at the eye piece subtended by the interval between 
the imaginary thread and the thread given, and this might be obtained 
by observing an equatorial star, that is, one moving exactly in a 
great circle. Note the times of transit over all the wires, the mean 
of these will be the time of transit over the mean wire ; and the 
difference between this and each time noted will be the equatorial 
interval of the noted thread, called equatorial interval when ex- 
pressed in time. On account of the difficulty of obtaining con- 
viently an exact equatorial star, the practical method is to observe a 
slow moving star and i-educe its intervals in time to the great circle 
intervals by the iollowing method. 

In the figure let us sup- 
pose the mean thread H to 
correspond exactly with tha 
meridian and all threads to be 
parallel to it. 

Let F C K represent tha 
path of a close polar star in 
the field and P the pole. 
Now if the times when the 

thread be noted and the mean 
taken, we shall have the time 
when the star is on the mean 
thread, and the diSerence, be- 
tween this last time and the 
time noted, when the star was 
at F will evidently be the hour 
angle of the star when at F 
the angle F P H. It is requir- 
ed to find the great circle dis- 
pig. 22, tance F H which is done by 

solving the right angled triangle F P H in which F P H is known and 
P F is the polar distance of the star. Let I'l represent the required 
equatorial interval of thread one, and Ij the noted inten-al in tune 
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between the mean thread and thread one, that is, the angle F P H ; 
then 

d representing the declination of the star. This will he rigidly true 
only when the mean thread corresponds with the meridian and when 
the other threads are truly parallel to it. Our adjustments, however, 
are approximate and, in practice, having made them as clqse as possi- 
ble, the above formula will be sufficiently exact for use in determining 
the equatorial intervals required. It shows the importance of making 
the first adjustmenta with extreme care. 

157. In cases where d ia less than 80° I, and {^ will be very sma 1 
angles, and we may substitute the angles for their sines; or 
I'l ^ Ii cos rf transposing 

Ii =- !, sec d by means of which 

having determined the equatorial interval of any thread, the time it 
will take a star, whose declination isknown, to travel from that thread 
to the mean thread, can be found. 

The work will be easily understood from the following : — Let 
'i 'a '3 ;•■•.(( be the observed times of transit over the successive 
threads ; *j t'^ ig «j, the equatorial intervals of each succes- 
sive thread from the mean thread ; d = the declination, and 



. t, + t.+t. 



'-J equal the time of transit over the a 



thread, we shall then liave, tj =(l — !{) cos d, 

i^ ,= (( _ (^) cos d, 

&c., &c.. &c. 
H = ('-'») cos d, 
and the intervals will have the proper signs for use to find the correc- 
tion. I, = t„ sec d to be used in broken transits, Clanip west. 
Should the rate of the clock be found to be great, it will be neces- 
sary to correct our intervals (<-^) &c., for its change using 

r„ being the gain or loss per minute, and (I — (j), &o., expressed in 
minutes and decimals : r^ positive, when dock is losing ; negative, 
when gaining. 

The threads are usually numbered I. II. III. IV. V. VI., VU. 
VIII. IX. in order, commencing with the one nearest the clamp end 
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of file ix}% so tliat (since the telescope apparently reverses the motion 
o£ thp st.ir m the field) with the Clamp west, the star at its upper cul- 
mination will cross the threai^s in regukr succession I II , IX,, 
while with Clamp eaf.t it will cross IX VIII I Equatorial 
intenah, once determined, are marked for the threads I II. III. 
&C., IX. ; hence It is necessiry to be careful with their sign'', which 
will change in the corrections upon shifting the po'iition of the axis. 
The times ot transit are noted at the instant when each wire bisects 
the star as it crosses the field. 

158. Having determined the equatorial intervals ii t ^, &c., I„, the 
interval in time between the mean threa^l and a star on any otSier 
thread can evidently be found by the formula I„ = j„ sec d, 
Wlienee, noting the transit over any thread of a star whose declination 
is given, the time of its transit over the mean thread can be determined. 
In case of a " broken transit," where some of the threads are missed, 
the time ( required is equal to the mean of the observed times, minus 
the sum of the equatorial intervals of missed threads divided by num- 
ber of observed threads multiplied by sec d, for, as already seen, 

t, + („ + t. + 4. 

t ^ - — *— — ^~ (j— — " Suppose (3 was not noted, we 

have j's = ((-'2) cos rf, whence t^ = t-i^ sec d; substitut- 

'1 + '3 + ■ • ■ ■ 'b "*" ' - ' 2 pec (^ 
ing this value of („ we have i = — — — —^ ___- 



159, If the transit over one, or a few threads only, he observed, we 
may use i^— mean of observed times, plus the sum of equatorial inter- 
vals of observed threads divided by number of observed threads mul- 
tiplied -by sec d. Since from preceding 

ij = (( - (j) cos rf, or ( = i, sec d+ fj \ and the moan of 

ij = (t - t^) cos d, or ( =^ tj sec d + t^ ^ these would 

(, + f^ (t, + L) 
dve ( = -J-H — - + ^ ' '-^ 



sec d. 

Eeniembering always that as determined, the equatorial intervals 
lave their signs as correction, and these signs must be carefully used, 

LEVEL CONSTANT. 

160. In the formula for the reduction to the meridian 
_sm_(L-^ cos(L-rf) c 

^ " COS d cos d cos d 
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a numerical value in time to be applied to the observed time of transit 
over nieau thread, as a correction, can be found, il the value of a, b, 
anil c are known. The first determined is 5, the level constant, and 
the method is as follows ; — Place the striding level in its position on 
the axis, and read the divisions at each end of the bubble, mark the 
reading o£ W. end W, and of E. end E ; it ia evident tlien that the 
reading of the centre of the bubble would be the mean of the two end 

readinga, or — Z — . Reverse the level and again take the end readings 

of the bubble, marking W. end W and E, end E' as before, the 

expression for tlie reading of the centre of the bubble will he ■— — -1 

If the axis be level, the two readings of the centreof the bubble will 
be enual with opposite signs, but if not, the mean of these two readings 
will express the nam her of level divisions, showing its deviation from the 

fW - E) iW - E') 
level, or \ - — r i+i- — '- = deviation in terms of level divi- 
sions. The value of the level division may be determined by tlie level 
trier, or by securing the level to any well graduated alidaile, and 
noting the readings of the centre of the bubble as follows : Having 
secured the level to the graduated circle of tlie Meridian Circle at the 
Observatory, bring the bubble near one end of the tube, and note its 
end readings, the mean of them will be the central reading ; by means 
of micrometers attached, note the reading of the circle, then, by means 
of clamp screw of circle, bring level bubble near other end of tube, and 
again find its central reading : the difference between the two central 
readings will be the number of level divisions corresponding to the 
angle (hrough which the circle has been turned, determined accu- 
ratily iiy the micrometer readings in the two positions of circle ; the 
value of one division will be this angle divided by the whole number 
of divisions noted. The expression for i will then be 

i / ^ "" // + i— . ,J. \ rfjlettJng rfrepresentthe value of level divi- 

\ 2 2 / 

■ , ■ 1.- (W + W) - (E + E') , , . 
Biou, transposing, b in arc = -i^- '-—^ '- a; to reduce to 



(W + W) -- (E + E') 
60 



time divide by 15 .■ , b = -i ^- -■ -■■ -^ d. : this constant 



is marked W. or E, according to the name of the greater, and signifies 
that the corresponding end of the axis is too high ; for use in our 
formula it is positive when "W. end is too high, as is mathematically 
shown by its espression. 
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A B Af ^^^- ^^ fi>idc, the CoUimation Vomtant, observe a 
w moving star at upper culmmation. Note the 
transit of the f,tar over the first half of the threads, 
including or excluding the middle thread ; then reverse 
! axis, and note the transit over the same threads 
now in reverse order. By means of the equatortjl in- 
tervals, find the time of transit over the mean thread 
from each of these sets of observations ; then let ( be 
the time of transit over mean tkreadheiore reversal, and 
t' the time of transit over m«ati thread after reversal ; 
we shall then have c ■= ^ (tf - i) cos d, its value for 
that position of ihe axis before reversal. 

In the figure ; suppose that the mean thread occupies 
the position a out of the aria of collimation S B ; c, the 
angle required is a x b or A i B ; when the instru- 
ment is reversed the mean thread will occupy the 
position a', and a a; a' •» A a: A' will evidently be 
double the required angle. By observation we have 
deduced the times of transit of the same star over 
the mean thread in its two positions, and the difference 
between these times is an expression for the value of 
the angle A x A', which, reduced to great circle measure and divided 
by two, will be the angular value in time of c, as above given. 

Since the instrument may be used in two positions ot the rotation 
axis, it is necessary to distinguish them, and this is done by noting the 
position of the clamp end of the axis, marking all observations Clamp 
east or Clamp west. The collimation constant c will evidently 
depend for its sign of application upon the position of the axis ; for, 
having been determined with Clamp west, say, positive in position a 
the star crossing the mean thread earlier than it crosses the con- 
tinuation of the axis of collimation, when reversed, it will cross 
that thread later, hence the sign of c Clamp east would be negative, 
the numerical value remaining the same. For lower culminations 
the formula becames -^ {' - t') cos d, giving the proper sign of c for 
the position of the axis before reversal. It may be necessary in com- 
puting ( and (' to apply a correction for the rate of the Chronometer, 
as has already been explained in connection with equatorial intervals. 

Tojind a, the Asimutk Constant. 

162. Note the times of transits of two stars differing as much as pos- 
sible in declination and having nearly the same Right Ascensions, so. 
that the interval between the observations shall be short. 
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Let A = Eight Ascension. 
d ^ declination, 
and T = observed clock time of 
transit oyer the mean thread of the first star aiid A', d! and T', the 
Bame respectively of the second star. From (11) we have 

cos »f COB rf" cos d 



A' = T' + AT + i- 



If the clock has do rate, A T, the correction at time of first obser- 
Tatioa will be equal to ^T the correction at second observation, and 
the two equations will eliminate the unknown correction 
A T = A T', If the rate be known (generally the case) 
A T = A T -h r„ (T '- T), in which r„ is the rate per minute, and 
(T' - T) is expressed in minutes and fractional parts. Substituting 
for A T' in above, we have 

A' = T' + rm (T' -.T) + i '^'" '^ -p. + -^ + A T + a "" jfjlj') 
A = T + .^^!^|^+,^ + AT4..J=|^*. 

in which the unknown quantities are A T and a. Since r^, h, c, L, d 
and d are known, we will substitute 

_ _ , cos (L - (f) c 

. = T + r„ (T' - T) + 6 ^^^^.+ ^^ and 

' "^+* cosd ^ ^^^' 

in other words, C and ( are the observed times of transit corrected for 
level and collimation errors, and also the rate of the clock. Our for- 
mulsB will then he ; 



A-(+ AT+o 



»(I--J) 



Subtracting, A' - A — (' - i + a 1 ^ . ' ~ — ^ — ~ 1 

° \ cos (? cos d / 
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(A' -A) -(If -I) 



II ( [. - rf)| tbe formula for 
cos d 



determining the azimuth constant, in which the two terms in the 
denominator may he taken from the " Coast Survey Tables for 
Eediiction of Transit Observations " directly. 

By Chauvenet's Plane Trig., (172), the denominator of the fraction 

.ix,™ "" 2i:ii') _ -illitri) u«,m,. ""i"'° (''-■' ), .nd 

COS tf COS rf cos d COS a 

the expression is a s— [(A' — A) — (f — ()j - 



a (d-d') ""»" 

is the formula used for adjusting the instrument in the first part of 
the worlt ; approximate only, since we used uncorrected times of 
transit. Again, 

cosrfcosrf' 1 

f — ■ — /-, — :k^™ — ~~~T~7l — J — • . • j '%1 which substituted give, 

cos L sin [d-d') cos L (tan a - tan dy ° 

(A' - A)-i€ -t) 

a = y-r — —J-- — ^r, a more convenient form in case no 

cos L (tan d -tan a) ' 

" Tables " are at hand. 

H)3. Now having the three constants a, 5, and c, the value of r, 
the reduction to the meridian, may be found, from (8), and, by means 
of (!)) A T, the correction for the clock or chronometer may be accu- 
rately determined, and henca the exact determination of absolute time 

1C4. Tlie right ascensions and declinations of stars are taken 
from the American Ephemeris but, as the number there is rather 
limited, speciid catalogues for use in the Northern Hemisphere have 
been prepared for the use of the Coast Survey. The British Almanac 
may be used if at hand, but for particular work it would be well to 
have stars whose positions have been accurately fixed at the Observa- 
tory at the latest possible moment. 

165. In making a set of observations for time, the aeries generally 
commences with those stars observed for making the instmaiental 
corrections, then the accurately determined time stars, and afterward 
another set for instrumental corrections in order to determine whether 
or not there has been any change in them. The axis of the instrument 
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should be reversed, so that one-lialf the observations should be with 
Clamp east and the other half with Clamp west, and as many stars 
are takeD as possible, the mean of all the observations being used. 
The same observer should make all the observations, and if his 
persorud equation is known the best results are to he expected. 

166. For further and more detailed infoi-mation iu j-egard to this 
instrumeat, the reader is referred to Chauvenet's Astronomy, Vol. II. 
and for practical information in its use, to the report for 1866and the 
various pamphlets issued at the Coast Survey Office. 

The methods given are by no means the only ones, either for the 
practical or the theoretical adjustments, and some of the more refined 
corrections have been omitted. The error for the inequality of the 
pivots has not been referred to, as it is caused by poor workmanship, 
generally reduced to a minimum in those instruments accepted by the 
Government. Whatever error there may be should be determined at 
the Observatory, and this, with the value of the level division, should 
be furnished with the record of the instrument. 
10 
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CHAPTER XIII. 

THE ZF.NITH TELESCOPE ADJUSTMENTS TALCOTT'S METHOD FOB 

LATITUDE — CONSTANTS OF THE INSTRUMKNT— METHOD OP OBSER- 
VATION REDUCTION TO TUB MEltlDIAN SELECTION OF STAItS. 

ZENITH TELESCOPE. (See PLATE.) 

1G7. In this instrument the telescope tube is attached to one end 
of the hoTizontal axis, counterpoised at the other end by a weight so 
connected as to prevent flexure of the axis and to equalize the pres- 
sure upon the two Ys. The two Ys are supported by a single verti- 
cal standard, which contains the vertical axis of the instrument, and 
this standard revolves about the vertical axis, carrying a clamp and 
vernier by means of which it may be set to any reading of the hori- 
zontal circle at its base The frame is fitted with three foot screws at 
its base for the purpose of adjusting the vertically of thevettical 
avib, and the striding level is applied to the horizontal axis as in the 
case of the trmsit instrument, so that when honzontal the line of 
collimation of the telescope will move in a vertical ploiie Limp it 
tachments are also fitted so that the field may be illuminated for the 
observation of fointlj illumined bodies. This instrument is especially 
used for the determination of smiU differences in zenith distances, 
particularly in deterntining the lilitude by Talcott's method. As 
fii nished for use, it generally consists of a telescope of 45 inches 
focal length, with aperture of S-|- inches and magnifying power from 
CO to 120 so that stars of the Cth and 7th magnitude may be conven- 
iently observed, Ihe horizontal asis is about 7 inches in length, 
the vertical standard about 24 inches, and the diameter of the hori- 
zontal or azimuth circle is 12 inches, graduated to read to half minutes 
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allwhh wmbltop b applied to this 

cldfi n mlp fhe plane of the 

mlnwh fnwhhrn will reversing. At- 

fchd hi p nee whhl 1 axis, is a gi-ad- 

n d { cal) 1 wh 1 n h d n ad off to within 

30" by means ot tlie arm and vernier attached to a very delieate 
Bpirit level (valne of one division about | of a second). The tele- 
scope can be set to any inclination and clamped, while for accurate 
pointing the bubble is brought into the middle by means of a fine 
motion screw as in the case of the transit instrument. 

In the eye tube is the micrometer for the accurate measurement 
of zenith distances. The screw carries one or more horizontal 
threads and its head is divided in 100 parts, of which tenths may be 
estimated, the whole number of turns made by the screw ia indicated 
by a rack shown on the aide of the field of view. The value of one 
complete revolution is generally less than 50" so that observations 
can be read exactly to .0".5 and by estimation within less than 0",05. 
There are usually added several fixed vertical threads, so that the 
instrument can be used as a transit when required. For convenience 
of observation the telescope is fitted with the diagonal eye piece. 

ADJUSTMENTS. 

168. "When setting up the instrument it will be found convenient to 
place two of the foot screws in the E. and W. line, proceed then to make 
the vertical axis truly vertical by means of the striding level which should 
not change whett the instrument is made to describe a complete revo- 
lution in azimuth, this lest to be fulfilled by means of the foot screws, 
assisted by a small circular level also attached to the frame ; next test 
the horizontality of the transit axis by reversing the striding level as in 
the case of the transit instrument ; adjust the eye piece to sidereal fo- 
cus, and see that the micrometer thread is horizontal, this last is proved 
by an equatorial star running along the thread, or by the same appear- 
ance of a polar star, when the instrument is turned in azimuth. The 
adjustment of the line of collimation is effected by means of a distant, 
well defined, terrestrial objects turning the instrument so that the 
readings of the azimuth circle shall be just 180° apart and allowing for 
the parallax, since the line of collimation is not in the plane of the 
vertical axis. The amount of this parallax can easily be computed in 
a given case; for if t? =' the distance of the centre of the telescope 
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from the vertical axis, D -= the distance of tlie object, and p = the 
parallax, we have 



but, as the horizontal circle is not designed for very accurate measures, 
it will not usually be worth while to use this method further than to 
make a first adjustment. A perfect adjustment, however, may be made 
by two coUimating telescopes. The reading on the horizontal circle, 
of the plane of the meridian, is ascertained by means of the known 
chronometer time of the culmination of a slow-moving star, which is 
bisected at that time by the middle thread and the corresponding read- 
ing of the circle noted ; stops are then applied to indicate the mer- 
idional position with the telescope pointing N. or S. of the zenith. 

TALCOTt's METEfOD FOR DETEKMINING LATITUDE. 

169. From general formulie, we have for body south of zenith 
L= »+ d 
while for body north of zenith 

L = (f - s' 
(L representing the lat., d and d the declinations, and « and ^ the 
zenith distances of the two bodies respectively.) Combining the two 
equations we have 

2 L= (d+i^) + (z-2^) 

. in which it is seen that, if the declinations are correctly known and 
the difference of the zenith distances found, the determination of the 
lat. is correct. 

The difference of the zenith distances is measured by the micro- 
meter in the zenith telescope, and the method of observation is as 
follows : — 

Two stars, technically called a p^r, are so selected that the differ- 
ence of their zenith distances shall be less than the breadth of the 
field of the telescope. The instrument, adjusted to the plane of the 
meridian, is set at an altitude corresponding to the mean of the two 
zenith distances and pointed to that star which transits first, the bubble 
of the level made to play nearly in the middle of the tube. When the 
Btar enters the field, take up the beat of the chronometer and bisect 
the star with the micrometer thread ; keep it so bisected until the 
Chro. time of culmination, when note the reading of the micrometer 



,Google 



talcott's method. 141 

thread, and also tlie reading of the level ; revolve the telescope 
through 180° in azimuth (marked by the etops), and observe the 
second star in the same manner. The difference of the micrometer 
readings, corrected for difference of level and refraction, will evidently 
be the difference of the zenith distances required ; and one-half this 
difference applied to the half sum of the declinations will give us the 
latitude of the station. It remains for us to determine the reading of 
the micrometer, and of the level, and the correction for refraction. 

170. Let us assume the zero reading of the micrometer at that part 
of the apparent field farthest from the zenith ; and let 7.^ represent 
the apparent zenith distance of this reading, when the level reading 
is 0, Now point the telescope to the first of a pair of stars, say the 
one S. of the zenith, and bisect it with the movable thread ; let m 
represent the number of turns given to bring the thread to the star ; 
and let R represent the value of a single turn. If the level reading 
atili remains 0, the expression for the apparent zenith distance of the 
star will evidently be Z^- mR. If the level has changed, however, 
let I represent the number of divisions through which it has changed, 
and B the value of a division ; and suppose the north end is too high, 
then Z, the true zenith distance of the first star, will be equal to 
Zu = wR -\-l'Q-\-T, letting r represent the refraction which tends to 
decrease the (true) zenith distance. 

Turn the instrument through 180° in azimuth and point to the N. 
star of the pair, bisect as before, and let »»' be the number of microm- 
eter turns and I the number of level divisions noted in this case, then 
the true zenith distance of the second star, Z' = Zj, - m'K - fD 

Subtracting we have 
a - i/ = (m' - m) R + (f X D + (r - /) and 

These terms for use in determining the halt difference in zenith dis- 
tance will be considered in detail. 

KEFRACTIOS. 

171. A principle of refraction is, that when zenith distances are 
small, it varies as the tangent of the zenith distance ; and, since obser- 
vations are generally restricted to zenith distances of less than 25° in 
this method, the formulas which follow may be employed without sen- 
sible error. 
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r'= a tan ^ whence 

»■ - j^ =. o (tan « - tan 3^ 

sin (x - 2'1 

tan * - tan s = i _1 

cos e cos z' 

C03 a cos 2^ 
Since E and a' are nearly equal, we may substitute (z - a') 
for sin (j — s') and cos^ z for cos z cos s", when the formula 

a is the coefficient used in Bessel's formula for refraction, which, 
although strictly a variable, is in this connection considered constant, 
since the variation in s is small, and any variation in Bar. or Ther. is 
neglected ; the value assumed for a in coast survey work is 57."7. 
For use in our formula we have J (r - r') = -J (s - s') ** ^'" .^- 

the last term of which may be tabulated (see Chauvenet's Astro., Vol. 
]I), or as has been done by the Coast Survey OfBce ', ^ (f - f') can be 
taken from the table directly, using J the dliTei-ence of zenith dis- 
tances and the zenith distance as arguments. Since the correction is 
very small, it will be suffi,ciently accurate to use ^ (m' -m)R instead 
of ^ (z- e'}. The sign of the correction then is the same as that of 
the correction for the micrometer. 



172. For reading the number of divisions of the level we have for 
the S. star 1= "-Z-i-and for the N. Star f = "' ~ ^ in which 
n is the reading of the N. end of the bubble and s of the S. end ; 

then ^ (? + f ) = — -1, ^ ' which will give us the proper 

sign for the application of this correction. 



173. J (m' - m) would evidently be read by taking the number of 
t«eth in the rack passed over by tho thread and adding the residing of 
the micrometer head thereto. 
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174. If now we determine the values of R and D, all the terms in our 
equation become known. If the value of the level d D be 

accurately determined by the level trier or by the m 1 1 1 ly 
explained in connection with the transit, we can fron h d m ne 
the vahie of E, the revolution of the micrometer s s 11 : 

Direct the telescope to some distant well-defined p n (be le 

cross-threads of a collimating tele&cope) and bisect 1 e m 

met«r thread. Clamp the level, and by means of the small tangent 
screw in connection with it, bring the bubble near one end of the tube, 
and note the reading. Now, by means of the tangent screw, moving 
the telescope and Jevel so attached, bring the bubble to the other end 
of the tube and note its reading, it is evident tliat by so doing we 
have moved our line of sight, (over the undisturbed micrometer 
thread), through an angle whose value is expressed by (I - H) Di 
(I — f ) being the number of divisions through which the bubble has 
passed. Now, move the micrometer thread back until it exactly 
bisects the same distant point ; by so doing we have moved it through 
this angular distance (I - I') D ; noting the number of turns given the 

(.1-1') D 
micrometer screw (m-m') and dividing, we have R ^ — . _ . 

Repeating this operation with the micrometer thread in different 
parts of the field, and taking the mean, a very accurate result will be 
obtained, and so both values will be known. 

175. The method employed in the coast survey is to first determine 
the value of the level division in terms of R. and this is done in precise- 
ly the same method as that just described, the resulting equation being 

D = j —r^'. X R. Let d^ —^- ; then D = i? E. 



TO DETEKSriNE THE VALUE OP A REVOLtlTIOK OP Till: MICIiOMETER 
6CKEW. 

176. This may be done by tnrnitig the micrometer through an angle o£ 
90" on the telescope, and noting the times of passage of a circumpolar 
star at culmination over the thread, placed successively before the star 
for each turn of the screw, and treating the intervals as Equatorial 
intervals. (See " Transit Instrument.") 

177, Itia evident that the same principle will liold good if the oijserva- 
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tions be made upon a polar star near tlie time of t elo ga on ; in 
that case, the vertical thread of the instrument f d e el o he star 
at the instant of elongation, will be tangent to he d u nal c le, and 
the right angled spherical triangle would be sol e 1 a folio s 

Let a. s'. s" be the apparent path of a star in he field of the instru- 
ment, a h the vertical 



thread, and suppose m 
m' m" to represent the 

ive positions of 
leter thread 

in advance of the 
star. To find the dis- 
tjince s s"' = i, in great 
circle units, we have to 
solve the right angled 
P s"' s. P s 
being the polar distance, 
sps' = I, the noted in- 
terval of time between 
the observations of the 




J and n 



: the 



hour angle of the star 
from elongation, 



which is precisely the same form as that used in determining Eijuator- 
ial intervals. 

Since the instrument can be easily turned in azimuth, it will be seen 
that the last method is to be preferred, as it involves no change in the 
micrometer or in the focus of the telescope. 

METHOD OF OBSEKVATION. 

178. Compute the time of the star's elongation, its zenitli distance and 
azimuth at that time, from the right angled spherical triangle. P Z.y. 
cos ( ^ cot d tan L. 
cos « = cosec d sin L. 
sin Az. = cos d sec L. 
By means of these formula) point the telescope to the star twenty 
or thirty minutes before the Chro. time of elongation, and bisect it 
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with the micrometer thread ; note the time of bisection, tlie reafiing of 
the micrometer and the level reading. Move the thread in advance 
of the star by one or more revolutions of the screw and agmn note 
time, level, and micrometer readings. Repeat the observations as 
many times as possible while the star is in the field. Let (q represent 
the Chro. time of elongation, t ti t^ &c., the noted Chro. times of bi- 
section and m mi m^ &c., the corresponding micrometer readings. 
Suppose m, to be the micrometer reading of the star at time of elon- 
gation, and let % I'l tj be the required angular distances respectively, 
then ; sin i ^ sin {t^^-i) cos d 

sin i\ = sin ((„-(,) cos d. 
If the level has remained constant, we have 
(m,-m) R = i 

represents the number of turns given the micrometer screw to move 
the thread through the angular distance t, also 

subtracting 

(Mi-m) R=-!— j'l and 

R '-±- 

Should the level have changed its reading it is evident that a por- 
tion of our angular distance (f — »'i) is due to the change of direction of 
the axis of the telescope. To make the correction for this change, let 
/ represent level reading when micrometer reading is m and ^, level 
reading when micrometer reading is wii, then (^i — I) D is the change 
required, the angular value of D is unknown, but we have found 

D = rfR, 
hence the correction is (;,-i) d R. to he applied to i~ii, i. e. 
(mi-m) R = (»Wi) ± ft-Z) d K, or 
R ^'-i'l 

'^ (»»i-m) T (/i-O *^ 
179. Deducing values of R for each of the observations taken — the 
mean will be the very accurate value required. It is to be afterward 
corrected for refraction by the following method. 

Find the change in refraction for a change of 1' in zenith distance, 
at the computed zenith distance, from the refraction tables. Lot dr 
represent that change, then R dr will be the correction to be subtract- 
ed from our value of R, just found. 

Now having R, D the value of the level division is found from 
D^rfR. 
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In case of there being more than one movable thread in the micro- 
meter, the angular distance between them may be measured by noting 
the nnmher of revolutions given the screw to bring one tliread to the 
position occupied by the other ; to be done by bisecting a distant 
point by each wire successively, carefully noting any change in the 
level reading, and applying the correction as before. 



BEDUCTION ■: 



; MERIDIAN. 



180. Since it may not always be possible to obtain an exact merid- 
ian observation, a single observation off the mendian may be taken 
in two ways, and by means of the " reduction to the meridian" 
reduced. 

One of the methods is to follow the star, turning the instrument 
in azimuth, and measure the exact zenith distance — noting the time. 
The reduction then is the same as for circum-meridian altitudes. (See 
Coffin's Navigation, p. 120.) 

The other method :a to bisect the star off the vertical wire noting 
the time. The "reduction" in this case will be understood from the 

P The vertical thread being in the plane 

of the meridian, the micrometer thread 
xa at right angles to it bisecting the star, 
evidently measures the distance Z x, differ- 
ing from the meridian zenith distance by 
3^y, the " reduction to the meridian." To 
find this value solve the right angled 
triangle xYa, for Pa;. Vy = P« ==polar 
distance of star x V a = hour angle of 
•" star, then tan V x ^^ cos t cot d. 



X'j^p-Vx 

This value of the reduction will evi- 
dently be negative or subtractive from the 
observed zenith distance when the star 
passes between the pole and the zenith, 
and positive in all other cases. The angle 
( should always be small. 

181. Referriiig to the figure, it will 
be seen that in the first method moving 
our instrument in azimuth gives the vertical 
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thread a direction za, and tlie micrometer thread being perpendicular 
to it, the distance measured is the apparent zenith distance ea. The 
reduction in this case may be taken from Bowditch's Tables. 

Other methods are giFen iu Chanvenet's Astronomy and in the 
Coast Survey Publications. 

SELECTION OP STARS. 

182 It will in generil be necessary to obtam Btar catalogues 
cspecixHv piepired for this work, as the ordiniry ephemendes are 
net suiRiiently lirge to furnish a sufficient number of pau^ Such 
catalogues hive been prepared for u«e in Northern Lititudes by 
especul > bservations It is evident that ■» mi "it ike mide in the exact 
position of a star employed will effect the latitude obtained by 
th 3 method therefore it is rectrnmended to select those stirs only 
nhicii ha^e a very satisfactory authcrity Those taken from the 
citdoguos of the "Wiehmgton Observatory, and of the Greenwich 
Observatory, checked wilb each other, will furnish one or two dozen 
pairs for each night. The stars selected sJiould differ as little as 
possible in zenith distances, never more than 50' with the most 
improved and latest instruments. The interval of time between the 
culminations of a pair should be as short as possible to guard against 
any possible change of the instrument, and yet suificieutly long to 
permit the deliberate reading of the micrometer 'and the level and 
allow the instrument to be turned in aaimuth with a small margin for 
taking up the star and bisecting it. 

183. The mean pliices of stars are given in the Catalogues. To 
deteiinine the apparent places, which are the ones to be used, the 
student is referred to Chauvenet's Astronomy, Vol. I., art. 77. Per- 
sonal errors and probable errors will bo found thoroughly discussed in 
Chauvenet's Astronomy, Vol. II,, and ia the Coast Survey Pamphlets, 
to which thestndent, who intends making himself proScient as an ob- 
server, is referred. 
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